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Section 45: EX-32.A (1350 CERTIFICATION OF CEO - SWEPCO) 

Exhibit 32(a) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934. as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of Southwestern Electric Power Company (the "Company") on Form 10-K (the 
"Report") for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, 
[, Nicholas K. Akins, the chief executive officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted 
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with 
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects, the financial condition and results of operations of the Company. 

/s/ Nicholas K. Akins 
Nicholas K. Akins 
Chief Executive Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Southwestern Electric Power 
Company and will be retained by Southwestern Electric Power Company and furnished to the Securities and Exchange 
Commission or its staff upon request. 

(Back To Top) 

Section 46: EX-32.B (1350 CERTIFICATION OF CFO - AEP) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
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of Title 18 of the United States Code 

In connection with the Annual Report of American Electric Power Company, Inc. (the "Company") on Form 10-K (the 
"Report") for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, 
I, Brian X. Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted 
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with 
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tiernev 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to American Electric Power 
Company, Inc. and wil] be retained by American Electric Power Company, Inc. and furnished to the Securities and 
Exchange Commission or its staff upon request. 

(Back To Top) 

Section 47: EX-32.B (1350 CERTIFICATION OF CFO - AEPTCO) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933. except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of AEP Transmission Company, LLC (the "Company") on Form 10-K (the "Report") 
for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, I, Brian X. 
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to 
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the 
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects, the financial condition and results of operations ofthe Company. 

/s/ Brian X. Tiernev 
Brian X. Tierney 
Chief Financial Officer 
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February 20,2020 

A signed original of this written statement required by Section 906 has been provided to AEP Transmission Company, 
LLC and will be retained by AEP Transmission Company. LLC and furnished to the Securities and Exchange Commission 
or its staff upon request. 

(Back To fop) 

Section 48: EX-32.B (1350 CERTIFICATION OF CFO - AEP 
TEXAS) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of AEP Texas Inc. (the "Company") on Form 10-K (the "Report") for the year ended 
December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, I, Brian X. Tierney, the chief 
financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to Section 906 of the 
Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the requirements of Section 
13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the Report fairly presents, in all 
material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tiernev 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to AEP Texas Inc. and will be 
retained by AEP Texas Inc. and furnished to the Securities and Exchange Commission or its staff upon request. 

(Back Tolop) 
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Section 49: EX-32.B (1350 CERTIFICATION OF CFO - APCO) 

Exhibit 32(b) 

" This Certification is being furnished and shall not be deemed "filed for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section ]350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of Appalachian Power Company (the "Company") on Form 10-K (the "Report") for 
the year ended December 31,2019 as filed with the Securities and Exchange Commission on the date hereof, I, Brian X. 
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to 
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the 
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tierney 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Appalachian Power Company and 
will be retained by Appalachian Power Company and furnished to the Securities and Exchange Commission or its staff upon 
request. 

(Back To Top) 

Section 50: EX-32.B (1350 CERTIFICATION OF CFO - I&M) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 
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Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of Indiana Michigan Power Company (the "Company") on Form 10-K (the "Report ) 
for the year ended December 31,20 l 9 as filed with the Securities and Exchange Commission on the date hereof, L Brian X. 
Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted pursuant to 
Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the 
requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects. the financial condition and results of operations of the Company. 

/s/ Brian X. Tiernev 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Indiana Michigan Power 
Company and will be retained by Indiana Michigan Power Company and furnished to the Securities and Exchange 
Commission or its staff upon request. 

(Back To Top) 

Section 51: EX-32.B (1350 CERTIFICATION OF CFO - OPCO) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933. except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 of the United States Code 

In connection with the Annual Report of Ohio Power Company (the "Company") on Form 10-K (the "Report") for the year 
ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof. I. Brian X. Tierney. the 
chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350. as adopted pursuant to Section 906 of the 
Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with the requirements of Section 
13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the Report fairly presents, in all 
material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tiernev 
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Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Ohio Power Company and will be 
retained by Ohio Power Company and furnished to the Securities and Exchange Commission or its staff upon request. 

(Back To Top) 

Section 52: EX-32.B (1350 CERTIFICATION OF CFO - PSO) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934. as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
of Title 18 ofthe United States Code 

In connection with the Annual Report of Public Service Company of Oklahoma (the "Company") on Form 10-K (the 
"Report") for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, 
I, Brian X. Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted 
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with 
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents. in all material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tiernev 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Public Service Company of 
Oklahoma and will be retained by Public Service Company of Oklahoma and furnished to the Securities and Exchange 
Commission or its staff upon request. 

(Back To Top) 
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Section 53: EX-32.B (1350 CERTIFICATION OF CFO - SWEPCO) 

Exhibit 32(b) 

This Certification is being furnished and shall not be deemed "filed" for purposes of Section 18 of the Securities Exchange 
Act of 1934, as amended, or otherwise subject to the liability of that section. This Certification shall not be incorporated by 
reference into any registration statement or other document pursuant to the Securities Act of 1933, except as otherwise 
stated in such filing. 

Certification Pursuant to Section 1350 of Chapter 63 
ofTitle 18 ofthe United States Code 

In connection with the Annual Report of Southwestern Electric Power Company (the "Company") on Form 10-K (the 
"Report") for the year ended December 31, 2019 as filed with the Securities and Exchange Commission on the date hereof, 
I, Brian X. Tierney, the chief financial officer of the Company certify pursuant to 18 U.S.C. Section 1350, as adopted 
pursuant to Section 906 of the Sarbanes-Oxley Act of 2002 that, based on my knowledge (i) the Report fully complies with 
the requirements of Section 13(a) or 15(d) of the Securities Exchange Act of 1934 and (ii) the information contained in the 
Report fairly presents, in all material respects, the financial condition and results of operations of the Company. 

/s/ Brian X. Tierney 
Brian X. Tierney 
Chief Financial Officer 

February 20,2020 

A signed original of this written statement required by Section 906 has been provided to Southwestern Electric Power 
Company and will be retained by Southwestern Electric Power Company and furnished to the Securities and Exchange 
Commission or its staff upon request. 

(Back To Top) 

Section 54: EX-32.B (MlNE SAFETY DISCLOSURE) 

Exhibit 95 

MINE SAFETY INFORMATION 

The Federal Mine Safety and Health Act of 1977 (Mine Act) imposes stringent health and safety standards on various 
mining operations. The Mine Act and its related regulations affect numerous aspects of mining operations, including 
training of mine personnel, mining procedures, equipment used in mine emergency procedures, mine plans and other 
matters. SWEPCo, through its ownership of Dolet Hills Lignite Company (DHLC), a wholly-owned lignite mining 
subsidiary of SWEPCo, is subject to the provisions of the Mine Act. 
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The Dodd-Frank Wall Street Reform and Consumer Protection Act (Dodd-Frank Act) requires companies that operate mines 
to include in their periodic reports filed with the SEC, certain mine safety information covered by the Mine Act. DHLC 
received the following notices of violation and proposed assessments under the Mine Act for the quarter-ended December 
31,2019: 

Number of Citations for S&S Violations of Mandatory Health or Safety Standards 
under 104 * 0 

Number of Orders Issued under 104(b) * 0 
Number of Citations and Orders for Unwarrantable Failure to Comply with Mandatory 0 

Health or Safety Standards under 104(d) * 
Number of Flagrant Violations under 110(b)(2) * 0 
Number of Imminent Danger Orders Issued under 107(a) 0 
Total Dollar Value of Proposed Assessments ** $ -

Number of Mining-related Fatalities 0 

* References to sections under the Mine Act. 
** DHLC received two non-S&S citations during the fourth quarter of 2019. Proposed assessments for those 

citations were not received in 2019. 

There are currently no legal actions pending before the Federal Mine Safety and Health Review Commission. 

(Back To 1-op) 
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MATURITY MATCHING OR 
"SELF-LIQUIDATING," APPROACH 

The maturity matching, or "self-liquidating," approach call# Ior match:ng :,sfet 
and liability Inaturities 35 shown in P·mel a t,f Figure 14-3. This strategy Inininuzej 
the risk that the firm will he unable to pay r,ff its maturing obligations. 10 illustrate, 
,uppose a compan>· horrou·N on a one->·ear I,asis and i]ses the funds obtained to build 
and cqilip a pl:int. Cash flows from thi· plant (profiti plus (]ei)reeiation) u'(,uld not be 
~ufficient to pay off the loan at the end of only one year, sc, the loan would have to 
bc renewed. If for some reason the lender refused to renew the loan, then the cr,m-
pany uould have prc)1,lein,. I lad the plant been financed with long-term debt, how-
t·vcr. the required loan payments would have been better matched u·ith cash flows 
from profits and depreciation, and the problem of renewal would not have arisen. 

At the liniit, a firm could attempt to match exactly the niatilrin, stnicture of its as-
*eB and liahilitie~. Inventon· expected to be sold in 10 day-+ could be financed with a 
30-day bank loan; a machine c,pected to last for 5 years could be· financed with a 
5-year loan: a 20-year building could be financed with a 20-year mortgage Iiond; and 
*o forth. Actually, of coursi·, tu·o factor~ prevent this exact maturity matching: 
(1) there A uncertainty ahout the liz cs of asvets. and (2) botne common equity must 
he used, and coinnion equity has no nlanlrit>'. 'Ib ilillstrate the uncertainty Gctor, a 
firm might finance inventories with .i 30-clay loan, expecting to sell the inventories 
and then use the cash to retire the loan. But if sales u·ere slow, tile cash would not be 
ft,rthcc,ming, and the lise of short-term credit could end up causing a problem, Still, 
if a firm makes an attempt to match asset and liability maturities, we would define 
this as a moderate current asset financing ixilic·y. 

In practice, firms Joni finance e.u·h specific asset with a type of capital that has a 
maturit>· equal to the asset's life. liou·ever, academic studieb do show that most firms 
tend t(} finance short-term assets from short-term sources and long-term assets from 
long-term 5(,urces. if 

AGGRESSIVE APPROACH 

Panel h of Figure 14-3 illustrates the situation for a relatively aggressive firm that fi-
n.mces ali of its fixed assets with long-term capital and part of its permanent current 
assets with short-ferm, nonsl)(,ntaneous credit. Note that we used the term "rela-
tively" in the title for Panel h because there can be different degrm ofaggi·essi, eness. 
For example , the dashed linc in Panel b could have been draun hchm · the line dcstg - 
nating fixed assets, indicating that ali of the permanent current assets and part of the 
fixed as, ets were financed with short-term credit: this woulci be a highlv aggressive, 
cxtremck none·nnsen ative pc,Nitinn, and the firm would be very much subject to dan-
gers from rising intere~t rates as we|] as to loan renewal problems. However, short-
term debt is often cheaper than long-term debt. and some firmf arr willing to sacrl-
fic · e safety for the chance of higher profits . 

CONSERVATIVE APPROACH 

Panel c nf Figure 14- 4 has the dashed line ahot·e the line designating permanent cur-
rent assets, indicating that k,ng-term capital is being used to finance all permanent 

"' For example, see Li'-illt;un Bt·ranek, (.hr,st„pht,r ( .c,mweli, and Sunho (.hu:. "1·~~ternal l'in•nc·Inf 
I . iqmdiu . . ind Capital Expcnclirurri ," loi • rnnl of Finonaol Rnrar ,· h , \ bl . IH . No . 2 . 207 - 222 . 
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New approach to estimating the cost of common equity 
capital for public utilities 
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Abstract The regulatory piocess forsettingpublic utilitleh' allowed rateofrelurn on 
common equity has generally used the Goi-don DCR CAPM and Risk Premium spec-
i fications to esthnate the cost of common equity. Despite the widely known problems 
with these models. there has been little moveinent to adopt moie recently developed 
asset pricing models to provide additional evidence for estimating the cost of capital. 
Tlits paper presents. validates empirically and applies a general yet sijnple confump-
tion-based asset pricing specification to model the nsk-return relationshlp l'or stocks 
and estimate the cost of common equity Ibi' public utilities The model is not nec-
essanly superior to other models in its practical results, yet these results do indicate 
that it should be used to provide additional estimates of the cost of common equity. 
Addmoimlly. the model raises doubts as to whether asseth such ax utility Mocks are a 
consumption (business cycle) hedge. 

Keywords Public utilities · Cost ol capital · GARCH 
Consumption asset pricing model 
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1 Introduction 

Following electricity deregulation with the National Energy Policy Act of 1992. the 
estimation of the cost of common equity capital remains a critical component of 
the utihty rate-of-return regulatory piocess. Since the cost of common equity is not 
observable in capital markets. it must be inferred from asset pricing models. The 
models that are commonly applied in regulatory proceedings are the Gordon ( l 974) 
Discounted Cash Flow (DCF), the Capital Asset Pricing (CAPM) and Risk Premium 
Models. There are other tools used to estimate the cost ol common equity such as 
comparable earnings or earnings-to-price ratios. but they are not asset pricing mod-
eis. The empirical literature on the CAPM is vast {Fama and Fiencli (2()04)} and the 
CAPM is used by a number of US regulatory iurisdictions. The DCF model has not 
been empirically tested to the same extent as the CAPM. yet it is considered by many 
US regulatory jurisdictions 

The purpose of this paper is to present. test empincally and apply a recently devel-
oped general consumption-based asset pricing model that estimates the risk-return 
relationship directly from asset pricing data and. when estimated witli recently devei-
oped time senes methods. produces a pt'edietion of the equity risk premium that iS 

driven by its predicted volatility. The piedicted osk premium is then added to a risk-
free rate of return to provide an estimate of the cost of common equity. We pre-
diet two forms of the equity risk premium with the model. the risk premium net Of 

the risk-fiec rate and the equity-to-debt risk premiuin (equity risk preinium net ofthe 
relevant bond yield for the company's stock). Either can be applied to predict the coin-
mon equity cost ofcapital for a pubhc utilily. Although the model is tested and applied 
to public utilities for rate of return regulation. it can be used to estimate the cost of 
capital for any stock. Section 2 reviews the asset pricing models typically used in pub-
Iic utility rate cases and the generalized consumption asset pricing model we propose 
to estimatethe cost ofcommon equity. Section 3 discusses the data and the empirical 
testingofthecon.sumption asoet pricnig model Section 4 reviewstheapplication ofthe 
model and compares it with the DCF and CAPM results. Section 5 is the conclusion. 

2 DCF, CAPM and consumption asset pricing model 

2. l DCF and CAPM approaclieq 

The standard DCF tn ode] i t-equently used in esti mativc the cost I·ate ofconi in on equity 
in regulatory proceedings is defined by the Iollowlng equation: 

k=Do(I+g) //% +g. 

where k is the expected return on common equity. Do is the current dividend pei- share. 
g is the expected dividend per share growth rate: mid Po is the cuiient market pnce. 

The DCF was developed by Gcn-don ( 1974) specifically for tegu|atory purposes. 
Undei-lying the DCF Inodel is the theory that the present value of an expected future 
stream of net cash flows during the investment holding penod can be determined 

Q Springer 
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by discounting those cahh ilowk at the cost of capital. or the investors' capitaliza-
lion rate. DCF theory indicates that an investor buys a stock f'or an expected total 
return rate which is derived [i-om cash Ilows received in the form of dividends plu~ 
appreciation in market price (the expected growth rate) over the investment holding 
period Mathematically, the expected dividend yield (Do( I + g)/Po)on market price 
plus an expected growth rate equals the capitalization rate. i.e.. the expected return on 
common eqiiity. 

The xtandard DCF contains several restrictive assumptions. the most contentious 
of which during utility cost ofcapita] proceedings is typically that dividends per share 
(DPS). book value per share (BVPS), earnings per share (EPS) as well as market price 
grow at the same rate in perpetuity. There is also considerable contention over the 
proper proxy Ior g. piofpective or historical growth in DPS. BVPS, EPS and market 
price and over what time period. In addition. although the standard DCF described 
above is a single stage annual growth model. there is considerable discussion over the 
use ofmultiple stage growth models durmg regulatory proceedings. Some analysts use 
the discrete version and others use the continuous version ofthe DCF model Solving 
these models l'or k. the cost of common equity. results in differing equations to solve 
R,rk. The equation above is from the discrete version. The continuous version uses the 
current dividend yield and is not adlusted by g. which results m a Iowerestimate fork 
Because of these and ollier restrictive assumptions that require numerous subjective 
iudgments in application. it is often difficult for regulatory commissions to reconcile 
the frequently large disparities m rates of return on common equity i-ecommendcd by 
various parties in a public utility rate case. 

The CAPM model is defined by the l'ollowing equation: 

k=Ri + B (Rm -RA 

where k is the expected return on common equity. Rt is the expected risk-free rate of 
return: B is the expected beta: and Rm is the expected market i-eturn. 

CAPM tlieory defines risk as the co-variability of a security's returns with the 
market's returns or B. also known as systcinatic or market nsk. with the market beta 
beitig defined as I.0. Because CAPM theory asbumes that all investors Iiold perfectly 
diveisi fied port lohos. they a e presumed to be exposed only to systematic n sk and the 
market (according to the model) will not reward them ansi< premium fur unsystematie 
or non-market nsk. In other wordb. the CAPM presumes that investors require coin-
pensation only for systematic or market risks which are due to macroeconomic and 
ot her event s [hat affect t he retu rn q on all aqsets. Mathematical ly. t he CAPM 11 applied 
by add i n g a 1 o I ward- l ook i ng ri b k- f ree rat e o f ret u rn to an ex peel ed m ai ket eq u i t y 1·l sk 
premium adiuqted proportionately by the expected beta to reflect the systematic nsk. 

As with the DCF. there ih considerable contention during regulatory cost of capital 
proceedings as to the proper proxies for all components of the CAPM: the Rp the 
Rm. as well as B In addition. the CAPM assumption that the mari<et willonly reward 
investols ft)1 systeniatic or market risk is extiemely testnctive when estimating the 
expected return on common equity ior a single asset such as a single jui-ihdictional 
regulated operating utility. Additionally. this assumption requires that the investor 
have a perfectly diversified pot-tfolio. that ls. one with no unsystematic risk. Since 
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this assumption is not applicable. estimating the cost of common equity capital 1 (M .1 
single utilitys common equity undoubtedly will not reflect the risk actually laced by 
the miperfectly diversified investor. 

As will be discussed in the next section. our api)Itcation of the rlsk piemium 
approacli. the consumption asset pricing model and GARCH~ rest on minima] 
assumptions and resttictions and tlierelore i-equiies considerably less.iudgment in its 
application. 

2.2 Risk pi-emium appioach. consumption asbet pricing niodek. and GARCH 

A widely used model to estimate the cost ofcommon equity capital loi public utilities 
is the n sk premium approach. Thisapproaeh often estimates the expected raleofreturn 
as the long-term historic mean of the realized t-]sk premium above an historic yield 
p] usthe current yield ol the relevant bond applicable to a specific utility or peer group 
of utilities. Litigants in pubhc utility rate proceedings debate the choice of mputs to 
estimate the riqk premiuin as well as how far back to reach into history to collect data 
for calculating an average that is 1-epresentattve of a forward-looking premium. 

It is surprising that, as popular as the nsk premium method is m pubhc utility rate 
cases. the intuitively appealing general consumption-based asset pricing model, with 
its mjnimal assumptions and strong tlieoretical ounclation. hits not been applied to 
estimate the cost of common equity capital ibt- public utilities. The model provides 
projections of the condmonal expected risk premium on an asset based on it. relation 
to its predicted conditional volatility. This model generahzes the well known special 
case asset pncing models such as the Me lon ( 1973) intei tempoi-al capital asset pricing 
model. Campbell ( 1993) i ntertemporal asset plicing model. and the habit-persistence 
model of C'ampbel l and Cc,Chi ane ( 1999). which are special cases of the general model. 
The relation of the model to their specialized cases can be Iound m Cochi:kiic (2()()6) 
and Cochi·anc (2()()7). The appi-ouch ot consumption aget pricing niodels is to make 
mvestment decisions that ii-taxnni;e mvestor< Utlhty it om the consumption that they 
ultimately desire, not returns. 

Even if the model is not used to project directly the expected risk premium. it call. 
at a mini mum, be used lo verify that the risk premia data chosen fur estimating the cost 
of capital is einpirica]Iy validated by fittmg the model well. The model call be used 
to predict the equity Ask p emia net of the risk-free rate (equity risk premium) oi to 
piedict the equity-to-debt nskpremiumloia firm We peiform both olthese empirical 
tests in this paper. The general consumption-based asset pricing model developed in 
Mii Iicl l e] dei :Ind 1~>i lot te (2() 11 ) and based on Cochi :me (2()()4) provides the elat ion-
ship of the ex ante risk premium to an asget's own volatility iii retu i-ti· 

t'04 I MI-~. j I Et\R,i+A- Rit= 
E, [ Mi +i ] 

i,o/,IR, ,+i k·m·r,IM,+i. R, ,+i]. 

' GARCH ieleis to Ilie geneiah/ed autoiegre~n.e conditional Ijeteti,~kedaqtlclty legleq~on model wfuch 
19 (Ii.cu<:ed below 
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where uo /, is the conditional volatility . coro is the conditional conelation , and Mt + ~ 
is the stochastic discount factor (SDF). 

The SDF is the intertemporal marginal i-ate ol substitution in consumption. or. 
tj where the U< 's are the maignial utilities of consumption in the next 

period. t +I. and tile current period. t. and Blsthediscount factor l'or period flo t+ I. 
Equation ] xliows that the algebraic sign of the ielixtion between the expected risk 
pi-emium and the conditional volatilityofan asset's risk premium Is determined by the 
correlation between the asset 'sreturn and the SDF That is. thedi ection ott he relat ion 
between the asset return and the ratio of mtertemporal marginal utilities in consump-
lion inversely determines the relation between the expected nsk premium and cond]-
tional volatility. When tile correlation is equal to negative one. the asset's conditional 
expected n sk premium is perfectly positively con'elaled with its conditional volatility. 
A positive relation between the conditionally expected risk premium and volatility 
obtains when -I< c·o,·rt < (). A negative relation obtains when 0 < co/-r, < 1. 
For an asset that represents a perfect hedge against shocks to the inargtnal utility of 
consumption, will-~ coro = 1. there will be a perfect negative correlation between the 
conditionally expected risk premium and its volatility.2 Therefore. estimates of the 
relation between the first two conditional moments of a public utility stock's returns 
piovide a direcl test of the effectiveness of a public utihty stock. or any asset. as a 
consumption hedging asset. Iii Eq. I. vo/, IM,+i 1/E, I M,+ i I iq the slope of the mean-
vai·iance frontiei. If this slope changes over time. tile estimated re|ation between the 
stock's tisk and return will vary over time. This model can also be viewed Slmplistt-
cally as the projected expected risk premium as a ftmction of its own projected risk. 
given information available at time t. 

Note that the model allows for the expected risk piemium to be negatlve if the asset 
hedge~ shocks to the marginal utility of consumption. Inve,vors are willing to accept 
an expected rate of return lower than the risk-free rate of return tfthe pattern of vola-
tility is such that returns are expected to i'the will-t expected reductions in Collsllinptioll 
Simply. investors are willing topav a premium fbi· a higher level of ietin-nb volatility 
that has the desited pattern of returns. Tliehe desired returns patterns have a tendency 
to ollset drops in consumption Therel'ore, this inodel shows that investors may not be 
averse to volatility. but rathei· to the timing of expect ed changes m returns. 

Suninlaruing. several conclusions can be drawn from the general model of asset 
pi-icing. First. the sign of the relatioii between a stock's nsk premium and conditional 
volatility depends on the extent to which the stock qerves as ali intertenlporal hedge 
against shocks to the marginal utility of consumption. Second. the relation between 
stock risk and return may be time-varying depending on changes in the slope of the 
mean-valiance frontier l'hit*d. hedging assets have desn-ed patterns of volatility that 
result in expected rates of return that are less tban the nsk-Iree rate. We do not expect 

2 A Iiedgingasbet isonetliat ha.a powive incieaselnieturnb t|iat i~coincident uith apositiveshock in the 
ratio ol inteitempoial maiginal utilitie<ol con~untption Note that li we a~ume a conca\· utility function 
in con,umption. ac wii~umption decltnei. the matglnal utility of Conhumption ilheh ielatlve to laqt peilo(l 

maiginal utility Il wethink ofadecline in conqumption aua contiaction in tlie busint»cycle. the hedging 
a~setdehr:icpovtiiechange~inietwn. whcnthe buvneqs cycleis Ii,ovingintoacontiac·tic,n andtheiel'otc 
the aKei K a biNne~ cycle hedge 
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that public utility stocks serve as a hedging asset as they are not viewed as defensive 
stocks (they do not risc iii value durmg downturns m the stock market) due to ahym-
ineti'ic regulation and returns as discussed in detail in Kolhe and Tye (I 99()). Under 
asymmetnc regillalion. utihty regulators have a tendency to allow the retui·n on equity 
to lail below the allowed return during downturns in the business cycle and to reduce 
tlie return should it rise above the allowed return durmg expansions. 7'hcrelore we 
expect that the parameter estimates of the return-i'isk relationship to be positive as 
utility stocks are hypothesized to not be hedges. 

We use the GARCH model to esmnate the general asset pricing model since the 
GARCH model accommodates ARCH effects that nnprovetlie elliciencyofthe parain-
eter estimates. It also provides a vc)]atility 12)iecasting model it)1- the condmonal vol-
atility of the asset's tisk premium. The conditional volatility projection is used, in 
turn to predict the expected risk premium. We also use the GARCH-in-Mean model 
(GARCH-M) since it specifies that the conditiona] expected risk premium is a linear 
ftmction of its conditional volatility. There is a vast body of literature that estimates 
asset pi icing models with the GARCH and GARCH-M methods and thcrel'ore we will 
not attempt to sutnmarize them Ilere. 

The GARCH-M model was mitially developed and tested by Engle et al ( l 987) 
to estimate the relationship between US Treasury and coipot-ate bond nsk premia and 
their expected volatilities. The GARCH-M model is specified as: 

R,+i -R/t+1 =Oa/2+1+r/+1 (2) 

0./2*] = tl) + ~310./2 + ff~Ff -'- ~~~+' (3) 
(4) 

where Rt+i is the expected total return on the public utility stock mdex or individual 
utility stock: Rf ,+i 15 the risk-free rate of return or the yield on ati index of pub-
lie utility bonds of a specified bond rating (oi- the equity-to-debt pi-emiuin, qtils 
the condmona] or predicted variance of the i-isk pienijum that is condmoned on i).Ist 
information (¥f,_i). and p, is the eiror term that is conditional on 1#l - I 

The condmonal distnbution of tile error term is specified as the non-umtary van-
ance T-distnbution due to the thick-tailed distiibution of the tisk preinia data. If the 
error distribiition is thick-tailed. using an approximating distribution that accommo-
dates thick tails improves the efficiency ol the estimates. The parameter. a. is the 
retuin-to-risk coefficient as specified iii Eq I as: 

i'04 IM, +Il 
a= 

E, [M,+I] 
corr,I/W,+i. R,,,+1 ] (5) 

Note that the coefficient will be positive tl the conditional coi relation between the 
SDF and the asset return is negative, mdicating that the stock is not a hedging asset. 
RecaH that the SDFisthe t·attooi intertempot-al marginal utilities. Assu mingaconcave 
utility function. an upward shock m the r.ttlo linplleN fulling consumption. therefore 
an associated rise (positive correlation) in the return (/4) would offxet the reduction 
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in consumption. thereby causing the sign ofo to be negative. The parameter. o. is also 
the ratio of risk premium to variance. or, the Sharpe ratio 

The mtercept in Eq. 2 is restricted to zero as specified by tile general asset pricing 
mod el s peci fi ca lion. The restriction on the intercept eqllal to zero has been found to be 
i-obu st in pi oducing consistently posmve and significant rel ati oiis Iiips between equity 
i isk piemia and risk in GARCH-M models. This is discussed in Lamie a Iid Saikk onen 
(2()06) and Lannc and 1-,uoto (20()7). We have found the same results in our model-
mg in this paper. although we have excluded these results lor bievity (available upon 
request) Therefore we specify the prioi assumption that the intercept or the "excess" 
return. i.e..the elurn not associated with [-isk to be equal to zero and drop the int creep{ 
from the model. 

The consumption asset pi-icing model is estimated in the empirical section of the 
paper and apphed in the apphcations section of the paper. The model is tested to (I) 
determ i ne i f eq u it y-to-debt ris k premi u m mdice. for ut i li t l es o 1 cli I 1 eri ng ri sk speci fied 
by differing bond ratmgs arc validated by the asset pricing model and thei-efore have 
some empiricai support t„· risk p emium predict ion and apphcation to utility cost of 
capital estimation. (2) determine whether equity iixk piemia can be predicted and fit 
the model and therefore he used to estimate the cost of common equity, (3) empirica] ly 
test the consumption asset pricing model. and (4) ascertain whether utility stocks are 
assets that hedge shocks to the marginal utility of consumptioii. 

If utility stocks are hedging assets then the cost of common equity should rellect a 
downward adiustinent to a specified risk-free rale to iellect investors' pieferences ft,r 
a hedge and the compensation that they are willing to pay for it. 

3 Data and empirical results 

We use portlolios as represented by public utility stock and bond indices to estimate 
the conditional return-rnsk relationship for the equity-to-debt premjum The equity-
to-debt risk preniluni data employed Ioi estimating Eq. 1 with the GARCH-M con-
ditiona] return-risk regressionh are montlily total returns on the Standard and Poor's 
Public Utilities Stock Index (utility portloho). and the monthly Moody's Public Utility 
Aa. A. and Baa yields it)r the debt cm.t. We also obtained equity risk piem]:i ioi' the 
utility poilfolio using the Fama-French specified risk-Iiee rate of return. which is the 
holdmg period teturn oil a 1-month US Treaqury Bill. The data range from January 
1928 to December 2007 with 960 observations. The retliln-risk relatlonships for the 
equity-to-debt premia are risk-differentiated by their own bond rallnil 

As a check. we also estimate Eq. I with the GARCH-M Itn' large common stock 
returns using the monthly Ibbotson Large Company Common Stocks PortfoliD total 
returns and the Ihbotson US Long-Term Government income returns as the risk-free 
rate Additionally. as atiother check. we do the same for the University of Chicagds 
Center for Research m Security Prices value-weighted stock index (CRSP) using the 
Fania-French iisk-free rate This is the Fama-Frencli specification of tile maiket eq-
uity risk pieinium. The data iange from January 1926 to December 2007 with 984 
observations for the Large Company Cominon Stock evimation and the data ranges 
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'l'able 1 I-)e.cilpt]\,e v,kt,%11(4 public utility and I,itge company common ,tock% e(Illity-to-debi and equity 
ti'.k piemia 

Utility bond iating Mean Std Dev Skew n e<% Kurto%]s IB 

Aa () ()()37 () 0568 () ()744 IO ()7 2.001 2 

A () ()()35 () ()568 () ()632 I 0 06 I.9918 ' 

Baa () ()03 I 0 ()568 () ()375 I 0 02 I.973 (, 

Ihbot•,on 

[.aige common stocks () ()()54 () ()554 () 43()0 1284 3.954 7 

CRSP value-weighted stock index 0 0062 () ()544 () 23()9 ] () 92 2.519 1 

The pubhc utility equity-to-debt ilsk piemia monthly time Keriec I, Iiom Janiaiy 1928 to Decembei 20()7 
witli 960 ob<eivation·, The equity iisk pieimum month|y time wies loi the I.aige Common Stock•, and the 
CRSP index mc Janumy 1926 to Decemhei 2()()7 with 984 obsena ions. and Ianliaiy 1926 to Deccmbei 
2()()7 with 984 obqei vation~. iespectnely Tlie public utility stockceqmty-to-ilebt i isk pieima ate calculated 
as the total ietwn on the S&P Public Utilltiec Index ol stolkunlnllh the Moody'c Public Utillty Aa. A anc] 
Baa Indices y,eld~ to matullty The l.aige Company Cominon Stock equity Iisk piemia aie the monthly 
total ietuin~ on the Ibbo~on Laige Company Coinmon Stocks Pollfollo Inlnllc the [hbotson Long-Tci in 
US Govei nment Boiid4 Pol tfolio income yield The CRSP equity :i>k piemia. oi the lama-bench maiket 
mk pi·elma ate the CRSP total retllinb on the jalue-weighled equity illdex Inllil]4 the ]-month holding 
period ietuin oila I tilontli Tiea< wy Bill The la ique-Beta (I |J ) Atat Iwle ls a goodnesq-of-lit measuie of the 
depditu e ol tiE distnbution of a data 5e ies fioin notmahty. based on the levels of ~kewne~ and exec», 
kuito„is The IB stati4tic i; X2 (iiqtribitted witli 2° of Iteedom ''' Signitlcant at 0 01 level. one-tailed tev 

from January 1928 to Januaiy 2()07 with 960 observations (same ab the utilities) for 
the CRSP estimation. 

Table I displays tlie deSCI'lplive statistics for these data. We have estimated the 
mean, standard deviation. skewness and kuitosis parameters. as well as the Jarque-
Bera (JB) statistic to test the distribution of the data. The means of the utility equity-
to-debt i-isk premia fal] as the rlsk (bond rating) declines. This is conqistent with the 
notion that larger yields are subti'acted from stock returns the lower the bond rating. 
Intertemporally. there is an invei-se relationship between i isk premia and int crest rates 
(See Btigli.im el al (1985) and Hai-i·i4 e[ :il. (2()()3)) The mean for risk preinia will 
have a tendency to be la·ger duong low interest rate periods. 

Not sui pi·isingly. large coinpany common stocks have the highest Inean nsk premia 
ax the malority of these films are not rate-of-return regulated firms with a ceiling on 
then- ROEh close to their cost of capital. intel'ehtingly. the standard deviations of the 
utihty stock returnsaresi inilarand slightly higbert han lai-gecompany common stocks 
Skewness coefficieijt~ are small and positive except foi Ibbolson large company com-
mon stock returns and CRSP returns that have lai·ge pohitive skewnesx. This suggests 
that large uniegulated stocks have a tendency to have more and I:u*get positive shocks 
in returns than do utthtiex that are rate Of retlil-n regulated. The kurtosls values show 
that all of the risk premia are t]Ii ck-tail il isti·ib uted. This is also found iii the sig i Iilicant 
JB statistics that test the null hypothesis that the data are norma]Iy distributed. The null 
hypothesis is reiected for all assets. The high kurtosis. low skewness. and significant 
JB statistics show that the risk pt-emia data are substantially thick-tailed, except for 
non-utility stocks that aie both skewed und thick-tailed. Therefore. robust estimation 
methods are regui ed to produce e fictent t cgi ession estimates with lion-noi-mal data. 
Additionally. although tiot shown but available upon equest. the qei-ial correlation and 
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ARCH Lagrange Multipliertestsshow that i-esiduals from OLS regressions of risk pre-
mia on volatilities follow an ARCH process. Therelore. the GARCH-M method will 
improve the efficiency of the estimates. We specify tile trgresslon error distribution 
as a non-unitary variance T-distribution so thal thick-tails could be accommodated in 
the estimation and therefore produce increasingly eilicient parameter estimates. 

We used maximum likelihood estnnation with the hkehhood function specified 
with the non-unitary-variance T-disttibution as the appioximating distribution of the 
i-esiduals to accommodate the thick-tailed nature of the error distt'ibulion. The equa-
lions are estitnated as a system using the Marquardt iterative optimization algorithm. 
The chosen software ioi· estimating the model was EViewsl vei·sion 6.0 (2007). 

Table 2 shows the GARCH-M estimations for the consumption asset pricing Eq. I. 
We have estimated Eq I for the utility equity risk premia using the Fama-French 
risk-free rate in addition to the equity-lo-debt risk premia risk-differentiated by bond 
ratings and the two measures of the market equity risk premium. The chosen mca-
sure of volatihty is the variance of risk premiuin (in contrast to other such measures 
such as the standard cleviation Ot the log of variance. Although these results are not 
shown for brevity, they are robilst to these other measures of volatility). The slope. 
whichis the predicted return-to-predicted risk coef ficient and Sharpe ratio. is positive 
and signiltcant at the 999 level R)r all assets except the utility stock ieturns with 
Baa bonds, which is significant at the 95% level. Given that all slopes are positive. 
pubhc utility stocks are not found to hedge shocks to the marginal utility of con-
sumption. Note that the reward-to-risk slope rises as bond rating rises. This sug-
gests that lower tisk utility stocks provide a higher inci-emental risk-preinium ioi~ an 
increase in conditional volatility. l'his is consistent with other studies that find that 
lower risk assets. such as shorter maturity bonds. have higher Sharpe Ratios than long-
term bonds and stocks. See Pilotte .ind Steihen, (2()()6) and Micliellelde·r .md Pilotte 
(2011) 

The variance equation shows that all GARCH coelficients (tt's) are significant at 
the l Q level and the sums of A and & are close to, but less than I.(). indicating 
that the residuals of the i·isk pieinium equation follow a GARCH process and that 
the persistence of a volatility shock on retui-ns and stock prices l'or utility stocks is 
tempomry. The estimates of the non-unit:1]-y variance T-distriblltioll degrees of ft'ee-
dom pat-aineter are low and statistically significant. mdicating that the iesiduals are 
well approximated by the T. Similar values for the log-likelihood functions (Log-L) 
show that each of die regi·essions has a similargoodness-of-fit. Chi-squai-ed distributed 
likelihood ratio tests (not shown but available upon request) that compare the good-
Iles, of fit among the T and normal specitications of the likelihood fimclion of the 
GARCH-M regiessions show tliat the T Iias a signilicantly better fit than the normal 
distnbution. 

The GARCH-M results for the large company common stocks pc,i-tfoho are sini-
liar to those of the utility stockq Not suipnsingly. large company common stocks 
do not hedge shocks to the marginal utihty of consumption and volatility shocks 
Iemporanly affect their valualions The exception is that the return-risk slope tb sub-
stantially higher than utility stock slopes. This iS partially due to the risk-free nature 
of the nsk-free rates ugcd with tile non-lltihty eqlnty risk premia coinpared to the 
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Table 2 k.wnlation of ietuin-ndk telation public wility and laige company common stock~ 

Utility bond iating cy Bo tri /tz Log-L T diq I) [· 

Aa I.5183 () ()()()0 0.879 I () ] ()3 ] i.604 4 9 9254' 
(() 53()8) (() (KXK)) (0 0230) (() ()219) (3 0272) 

A 1 4536' 0 000() [) 879() () I 033 I.605 0 9 938 I 
(0 5 308) (0 ()()0()) (0 ()23(}) (() ()22()) (3 0408) 

Baa I 3318 0 0000 () 8789 () 1040' I.605 2 10 () 
(()53()3) (0 0000) (() ()229) CO ()220) (3 ()54()) 

I-am,I-1-iench Rt 2 I 428' ' 0 ()000 ()88]]' ()0979' I.601 () 9 8773 
(05318) (0 (000) (() ()232) (() 0212) ( 2 97()()) 

Ibbotson 
[.aige company 2 7753 0 00()1 ()8381· 0 I 186 I 62() 8 8 8457 
coin nlon (05513) (0 0(K)0) (0 0269) (() ()332) (216]3) 

qocks 
CRSP 3 3873 · 0 000 I · () 8330 ()1149:: I.598 9 8 857 I ' 

value-weighted (0 5673) (() ()(K)()) (()()27()) (() 0358) ( I 9505) 
Mock index 

The Ie€Ults below ate the GARCH-in-Mean iegie€sions foi the i isk piemium (R,+i - R 
the conditional miance of the risk piemium (a,2+I ) in the mean equation The unteicept in the 
mean equation i, revrictcd to be equal to /eio The public utility equity-Iti-debt i,4k piemla monthly 
time hetle% l, Iiom Januaiy 1928 to Decembei 2()()7 with 960 obseivalionq The equity iisk pie-
mlum monthly time qeitei foi the Laige Company Cominon Stock, and the CRSP index ate Ian-
uaiy 1926 to Decembei 2007 with 984 obqeivations. and lanuaty 1926 to 1)ecembei 2{)()7 witli 
984 oli~ei\,alton, lecpect]Vely The public utility vock4 equity-to-debt mk piemia ate calculated as 
the t(Ma| return on the S&P Pllbhc Utilitieq index of stockc minug tlie Moodyk Public Utility Aa. 
A. and Baa Indice~ yiekk to matuiity The Laige Company Common Stock equity i iqk piemia 
are the monthly total ietuin~ on the Ibhot~on Lmge Company Common Stockq Poitlolio nlinw, tile 
Ibbotqon Long-Teim US Gopeinment Bond€ Poitfolio income yield The CRSP equity il·k pteima. oi 
the Fama-F,encli mmket risk piemia are the CRSP total retirnf on the value-weighted equmy index ininuf 
the 1-month holling penod teturn on a I month Tiea.itty Bill The esmnated model 1% 

R,+1 - L,IA/r.il 
(mo[M,+i R,,+1' Rf l - k I ~Z 0 '( T , ~ . k 1 4 - 4 + 1 ~ \'[ lei e < y = _ " W

 MEI 1 \ 

l l l 

fyAd = A, + /97,- + /'2'7 -1- j/,+1 
The conditional di qtnbutlo n O| the Cllo] tenn 1% the non- Unital y vaI ILL nci T-(h.ttihution to accommod ate the 
kuitoui~olthe ii~k pieinia andeiioi tenn Standatd eiic>iulie in paientheie~ '' ' denote cignificance 
at the 0 () I . 0 ()5. and () ] 0 Ievek. iespectively foi two-tatl teqt4 

utility bond yields that reflect nsk. The unhty btockx slope value of 2.1428 u,sing 
the Fama-French nsk-free i-ate is closer to the higher CRSP value of 3.3873 that 
is also based on the Fama-French risk-free rate. This 1% inconsistenl with previous 
results herein and in other papers that find that Sharpe Ratios are lower Ibt higher i·iKk 
assets unless this finding can be interpreted as utility stocks having more risk than 
non-regulated stocks. The standard deviations on Table I quggest that utility stock 
return volatilities are as high as the stock returns of non-regulated firms. However. 
similar model estimates of porllolios of common stocks yield unstable results. such 
as negative as well as positive return-risk slopes wlien the intercept A not restricted 
to 7ero. See Caniphell (1987). (llosten et al (1993). Harvey (2(X)]). and Whitelaw 
(1994). 
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Stock maiket r·e%ults aie highly sensitive to einpirical model specification. Many 
studies do not consider the impact of a /.c io-intercep t pnor restnction on the stability 
of their results. Thih simple innovation hax led to more consistent results in mocleling 
stock market nsk-return relationships. and theiefore we have included it m this paper. 

The esmnat:on of the consumption asset pricing niodel lor utility stock eqllity-
debt risk preinia shows that the use of bond-rating risk-differentiated risk premia are 
validated as their ri~k-return relationships are well-fitted by theoretical and empirical 
models of risk and return. Therefore. these data impound good representations of the 
risk and reward relationship. 

One concern is the intertemporal stability of the alphas Figure I plots the utility 
stock portfolio alpha (using the Fama-French Ri to calculate the premium) and its 
standard error for 240 month rolling regrecsions of the model estimated with GARCH-
M in the same manner as described above to review the intertemporal stability of the 
alpha. A 20-year period was used for each estimation to trade off timeliness with 
sufficient observation of up and down stock market regimes and business cycles. This 
resulted in 720 estimated alphas from 1947 to 2007. The results sliow that the utility 
alpha is stable to the extent that the algebraic sign is always positive and generally 
signiltcant. therefore the nature of uti Itty stocks are assets that a e not and have never 
been Iiedges during the second half of the twentieth century up to the present. The 
valueofthe alphadoes change substantially. The mean of' the alpha is4.40 with at*angc 
from -0.11 (insigmftcantly dl ffetent from 0) to I 1.66. As a comparison. the alpha 
for the CRSP value-weighted stock index was also eqtimated with rolling regressions 
m the same manner and for the same time period. Figure 2 is a plot of the CRSP 
alpha and standard error. Note that the general stock market alpha is similar to that of 
utility stocks. They are all positive and almost all statistically significant and follow 
a strikingly similar cycle. Figure 3 plots both the utility and stock market alphas and 
demonslrateh the similarity. The cori·elation coefficient between the utility and stock 
market alphas is 0.88. Recalling that the alpha is a Sharpe Ratio. we see that return to 
risk ratio (loes change substantially. This is consistent with the resu|tq in Pi](,tte and 
Sterhen/ (2()()6). 

One other interexting observation is that the standard errors ofthe alphas arc highly 
stable over the study period and are very similar in magnitude regardless of the si,e of' 
the corresponding alpha Whereas the alpha iollow4 a cychcal pattern. the volatility 
in alpha is highly stationary around a constant. long-run mean. 

The GARCH-M model e%timations of the consumption asset pricing model were 
speci lied with varionce ax the measure of volatility. We ako pei·I'ormed the same model 
e€timations with alternative specifications of volatility fuch as the standard deviation 
and the log of variance and the results were not se®tive to this qpecification. 

4 Application 

We apply the model in this section to compare the cost ol common equity capital efti-
mates with the DCF and CAPM models. Using EViewx© Version 6.0. we estimated 
the model coeflicients (cl. B'; ) over rolling 24 month pei-iodq ending December 2()()8. 
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Rolling 240 Month Utility Stock A]pha, 1947 - 2007 
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Fig. 1 Rolling 24() month utility stock alpha~ 1947-2007 

Rolling 240 Month CRSP Value-Weighted Alphas 1947-2007 
12 
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Fig. 2 Rolling 240 month CI<SP \alue-weighted alphah l 947-20()7 

We i-created the estiniation over 5.10,15,2() and 79 year periocls2 Predicted monthly 
vari:mces (a,if- I ) we re general ed from these estim ati o iis to pi od uce pt edicted risk pre-
iniunis that were calculated by multiplying the predicted variance by the "o" slope 

1 We did not include the ie~ultf of the ]0 and 15 yea[ ehtil,iatlonh to abbieviate the alnoumt of empilica| 
ieiu Its pie.cited wnce thev added no matei ial inwghtf beyond thofe alieady piesented 
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Rolling 240 Month CRSP and Utility Ali)!iah 1947-2007 
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Fig. 3 Rolling 240 monthCRSP and utllity alphas 1947-2()()7 

Table 3 kftimate% of expected iisk pieima 

Mean (g) IRange (9 ) 

Average Spot Aveiage Spot 

Standard devmuon 

Aveiage Spot 

Ibbothon Associates data 

79-yeai s 9 59 5 76 8 74-9 96 2 62-22 60 () 32 5 24 

20-yeai % 6 77 6 94 4 99-8 5() 2 24-28 95 () 95 6 88 
5-yeai; 4 2() I () 25 - 98 49- I 1 62 - I ()() ()()-39 65 22 (R) 26 6 I 

S&P Utility Index 
79-yeai, 5 28 2 9() 4 3()-5 28 I 65-X I 5 0 32 1 6() 

20-yeai. 3 93 3 51 2 78-5 03 2 ] 8-6 88 0 57 I It 

5-yeais 3] 82 326 63 7 77-156 97 6 t 2-6465 74 31 47 I 283 5 I 

coefficient To test the stabihty of the piedicted risk pi-emia over time. the predicted 
nsk premia were calculated using eithei the pia|lcted variance over eacli entjie time 
period or the last monthly (spot) predicted vai lance. Table 3 presents the mean pre-
dicted riqk pl-einia. the range of predicted pi'emia and the standai d dev i iii ions for each 
ti me period. It is clear from the results that the risk piemia are more stable over the roll-
ing 24 month pei iod wlien c ilculated using the average predicted vai iance com par ed 
with uwng the spot vatiance. Secondly. the 20 and 79 year means are substantially 
more stable and i-eaxonable in magnitude than the 5 year means. 

Next given the lessons liom the alialyses above. we apply the model to mecham-
cally-' estimate the cost ofcomnion equity l-or 8 utility conipanics using the model and 

1 The term "mechanical|y-' in this context mean~ that t|ie ieiulting uiluei havc Iieen developedin :t coi1%19-
tent mannei with the qame input. acio,A all utility qtockf but no wbiective Judginent wai used to develop 
final vahiec Ioi each Kpecific utility qock application 
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the DCF and CAPM as compai'ixon.s. We also calculated the iealized market return 
for compartson. Two publicly-traded electnc. electric and gas combination, gas. and 
water utilities respectively were chosen foi the application. The Gordon ( ]974) DCF 
and CAPM models are used in many utility regulatory.iui-isdictions in the US. 

The DCF was applied using a dividend yield. Do/Po. derived by dividing the year-
end indicated dividend per shaie (Do) by the year-end spot market ptice (Po). The 
divtdend yield is giown by the yeai-end I/B/E/S five year promoted earnings per share 
growtli rate (g ) toderive Do(I+g)/Po. The oi ie-year predicted dividend yield is then 
added to the l/B/E/S tive-year projected EPS growth rate to obtain the DCF estimate 
of the cost of conimon equity capital. k. This htudy was conducted for the 5 years 
ending 2008. 

The CAPM was applied by multtplymg the Value Line beta (B) available at year-
end t)1 each company by the long-term historic at ithinet ie mean market risk premium 
( Rm - Rij . Rm - RI \% derived as the hi ) read of the total retui - n of large company 
common stocks over the income return on long-term government bonds from the Ib-
boIson SBBI 2009 Valuation Yeaibook The resulting company-speci fic market equity 
risk premium is then added to a projected consensus estimate of the yield on 3()-year 
U . S Treasui - y ratepmvided by Blue Chi ]) Financial Forecasp , as the nsk - free rate ( R~ ) 
to obtain the CAPM i·esult This study was also conducted over the 5 years ending 
2008. 

Figures 4-I I show the histogtamsof the cost olcommonequitycapital estiniations 
l'or each of the eight public utility stocks and the reahzed market returns in the forth-
coming year. The consumption asset pricing model appeals to track more consistently 
with the CAPM than with the DCF which xcems to produce generally lower values 
than the other methods. The consumption asset pricing model results are snnilar to 
the CAPM. The model and the CAPM compete as the best predictor of the rate ol 
teturn on the book value of common equity (not shown but available upon request). 
but none of the expected ietui-ns were good piedictors of market returns. That does 
not inlbr that they were not good predictors of erpec/ed market returns. These results 
are an initial indicator that the consumption asset pi-icing model provides reasonable 
and Mable results. Thus paper does not suggest at this earlyjuncturethat the consump-
t ioii asset pncmg model is supei ior to the CAPM or DCE although it is based on I iii-
less iestrictive assumptions than these othci models. Foi example. both the DCF and 
CA PM assume that mai kets a e e fftcieiit. Many assume that the DCF requires that the 
market-to-book ratio to always eqlla| one. whei'eas the long-term value foi- the Stan-
dard and Pool-'s 500 is equalto2.34. TheCAPM assuines that investors demand higher 
returns for higher volatility and that the mlnimllm i-equired relurn is the risk-free rate. 
whereas the consumption asset pncing modcl allows for investors to require returns 
Iesh than the nsk-free tate R)r .tocks that may have relatively Iiughei- volatility but are 
Iiedging assels that have ilesirable return Iluctuallon patlernb that offsct dowliturns in 
the business cycle. Unlike the CAPM. the inodel prices the ru.k to which investors are 
actually exposed. whether it's systematic risk or not. Some investors are diversified 
and home are not; the model prices whatever risk to which the aggregate of investorh 
of the specific stock is exposed. 

We find that the consumption asset pricing inodel should be used In combination 
with other cost ofcom mon eq ui ty pri cing mode I.s :i~ additional inl'ornlati O n i n t lie devel-
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Cost of Common Equity Results for Edison International Compared to Market Return* 
I PRPM • CAPM : DCF M Actual 380~% 

4$." 

. mi Fur, 
I169~> 

=6 2008 

1256% 

2005 

* Market returns calculated for the following years 2005 -2009 

Cost of Common Equity Results for Southern Company Compared to Market Return* 

I PRPM I CAPM r DCF M Actual 

976% 9 08/ _ 8 90% 984% 
888% 8 66% 

9 S5% 942% 964% 9 37% 9 8# 
857~ r-t 7 39% 

2004 

760% 

FiF1 00396 2008 

9 83~6 

'005 2006 

1163% 

* Market returnscalculated for the following years 2005 -2009 

Cost of Common Equity Results for Consolidated Edison Compared to Market Return* 
a PRPM I CAPM r' DCF m Actual 

~004 20/ 

* Market returnscalculated forthe fonow,ngyears 2005 - 2009 

Cost of Common Equity Results for PG&E Corp Compared to Market Return* 
M PRPM = CAPM , DCF H Actual 

138~% 

968% r 

N 

2006 /07 = 

io nl 

* Market returns calculated for the following years 2005 -2009 

Fig~. 4-11 Compatifon of tle eoq ofcommon eqiuty eqtiinate, and maiket 

opment of a cost of common equity capital ieconiniendation. Practitioners may find 
the modeling methods and the use of relatively advanced econometi k methods rather 
cumbersome. The softwai-e for performing theqe estitnation~ u, readily available from 
EV iews ~ and SAS~. two commonly available software packages at utilities. consult-
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Cost of Common Equity Results for National Fuel Gas Co. Compared to 
Market Return* 

¤ PRPM ¤ CAPM ' DCF W Actual 

~67% 

2004 

1425% 

2005 7006 

27 75/ 
24 4 7/ 

30.8. 

1001/ 10839 9 80/ '090/ B 39/ 994% UH. 8 30/ 99~9. 1142% 
78)~ 923% 868% 

-7 f K- 1= =1=1 ' 
2007 2008 

6507% 
* Market returrnscalculated for the following years. 2005 -2009 

Cost of Common Equity Results for Laclede Group Compared {o Market Return* 
C] PRPM I CAPM [ DCr m Actual 

8&4/ 10,9% 891% 9 j.l 10~1/ 

F 

70M ./ 

2~06/ 

2~39/ 

2006 726% 20. 

4176/ 
• Market returnscalculated for the following years 2005.2009 
Missing DCF Cost of Capital Estimates Due to Unavailable Growth Rate 

Co,t of Common Equity Results for California Water Service Group Compared to 
Market Return * 

¤ PRPM I CAPM L DCF n Actual 

12 9616 

~004 

. 98/ 
105$% 9 16• 

1,79% 1181% 17841% 1311% 
- 10.I 954% -. 

557* 

1068% 1021% 1047% IHI 

~005 7006 joo, 20OSI 
-4 77/ 

295~I * Market returns calculated for the following years 2005 -2009 

Cost of Common Equity Results for Middlesex Water Company Compared to 
Market Return * 

m PRPM I CAPM t DCF = Actual 

11 24/ 0 80/ 
984/ -Ola 1026~ 992% 984% 

1~ 069/ 
930. Fpzl 
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760% 
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497% 
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* Market returnscalculated for following years 2005 -2009 
Missing DCF Cost of Capital Estimate Due to Unavailable Growth Rate 

Fig,.4-11 continued 
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ing firms and financial firms. Recent Phi). and M.S. holding menibers of research 
depatlments of itivestment and consulting firms have ready access to the model and 
methods discussed m this paper. although it will requjie years for these tools. like any 
"new" technology. to diffuse into standard use. Another prnblein is that the model 
requires a subslantml time series history on stock returns data to develop stable esti-
mates of risk premia This is pioblematic especially for the electric and gas utility 
indusli» that have consolidated with many mergers in the recent past. This problem 
can be addressed by developing and predicting the value-weighted rlsk premium of a 
portfolio of similar stocks such as electnc utilities that have nuclear generating assets. 
The specific stock in question would be included in the returns index with a weight 
based on market capitalization that would go to 0 when the stock price history is no 
longer existent teaching back into the past. 

5 Conclusion 

The put-pose of this paper is to mtroduce. test einpirically and apply a general con-
suinption based asset pricing model that is based on a minimum oi assumptions and 
restrictions that can be used to predict the risk premium to be applied in estimating 
the cost of common equity lot- public utilities m regulatory proceedings The results 
support the simple consumption-based asset pricing model that predicts the ex ante 
risk premium with a conditionally predicted vo|atilily In 1*isk premium. The estimates 
ofthe cost ofcommon equity from the con sumpt ion asset priclng model compare well 
with rates of return on the book valueofcommon equity andwiththe CAPM, although 
both the model and the CAPM results are substantially higher than the DCE This is 
quite common in the practice of the cost of common equity in the utility industry. The 
results ofthe [nodel are stable and consistent ovei- time. Thei-efore the model should be 
considemd as it provides additional evidence on the cost of coinmon equity iii general 
and specifically in public utility regulatory proceedings. Secondly. the use of bond-
rated yields to predict i·isk dilferentiated equity-to-debt risk premia is supported by the 
empirical evidence and thereiore Ali ou] d be applied in estimating the cog of common 
equity. Finally. the robi.q empirical evidence on the posmve tisk-return relationship 
also shows that utility stocks are not a consumption hedge and are not good Iiedging 
securittes against cotitractlon,ill theeconomy The model and estimation methodology 
presented in this paper provide a relatively simple tool to determine whether any asset 
is a hedge to adverse changes m the business cycle through the level ol' consumption 
in the economy. 
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AUTOREGRESSIVE CONDITIONAL HETEROSCEDASTICITY 
WITH ESTIMATES OF THE VARIANCE OF 

UNITED KINGDOM INFLATION' 

BY ROBERT F. ENGLE 

Traditional econometric models assume a constant one-period forecast vanance. To 
getlerahzc this implausible assumption, a new class of stochastic processes called aurore-
gress~ve cond,Lional heteroscedastic (ARCH) processes are introduced Ln this paper. These 
are mean zero, seriaily uncorrelated processes with nonconstant var,ances conditional on 
the past, but constant unconditional variances. For such processes, the recent past gives 
information about the one-period forecast variaccc. 

A regreskon model is then introduced with disturbances follow,ng an ARCH process. 
Maximum likelihood estimators are described and a simple scoring iteration formulated. 
Ordinary least square.5 matntams its opttmality properties rn this set-upj but maximum 
hke[ihood is more efficient The relative efficiency es calculated and can be infinite. To test 
whether the disturbances follow an ARCH process, the Lagrange multtplier procedure is 
employed. The test is based simply on tbe autocorrelation of tile squared O LS remduals. 

This model is used to estimate the means and variances of inflation iii the U,K. The 
ARCH effect is found l-o be significant and the estimated variances increase substantially 
during the chaotic seventles. 

1. INTRODU<DTION 

IF A RANDOM VARIABLE y, is drawn from the conditional density functjon 
f(yi l yr - i), the forecast of today's value based upon the past information, under 
standard assumptions , is simply Elyr Iyt - i ), which depends upon the value of the 
conditioning variable yf - I . The variance of this one-period forecast is given by 
v(y, Iy~- i)· Such a n expression recognizes that the conditional forecast van an ce 
depends upon past information and may therefore be a random variable. For 
conventional econornetric models, however, the conditional variance does not 
depend uponyt -I. This paper wilI propose a class of models where the variance 
does depend upon the past and will argue for their usefulness in economics. 
Estimation methods. tests for the presence of such models, and an empirical 
example will be presented. 

Conslder initially the first-order autoregression 

h - 'i)'I -\ + 4 
where € is white noise with I/(€) = 02 The conditional mean of y, is yyt - 1 while 
the unconditional mean is zero. Clearly, the vast improvement in forecasts due to 
time-series models stems from the use of the conditional mean. The conditional 

' This paper was written while the author was visiting the London School of Econom,cs. He 
benefited greatly from many stimulating conversations with David Hendry and helpful suggestions 
by Denis Sargan and Andrew Harvey. Special thanks are due Frank Srba who carried out the 
computations. Further insightful comments are due to Clive Granger, Tom Rothenberg, Edmond 
Malinvaud, Jean-Francois Richard, Wayne Fuller, and two anonymous referees. The research was 
supported by NSF SOC 78-09476 and The International Centre for Economics anc! Related 
Disciplines. All errors remain the author's responsibility. 
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variance of y, is 01 while the unconditional variance is 02/ 1 _ yl. For real 
processes one might expect better forecast intervals if additional information 
from the past were allowed to affect the forecast variance; a more general class 
of models seems desirable. 

The standard approach of heteroscedasticity is to introduce an exogenous 
variable x, which predicts the variance. With a known zero mean, the model 
might be 

yf = £-txf - i 

where again F(E) = 02. The variance of y, is simply 6%2-, and, therefore, the 
forecast interval depends upon the evolution of an exogenous variable. This 
standard solution to the problem seems unsatisfactory, as it requires a specifica-
tion of the causes of the changing variance, rather than recognizing that both 
conditional means and variances may Jointly evolve over time. Perhaps because 
of this difficulty, heteroscedasticity corrections are rarely considered in time-
series data. 

A model which allows the conditional variance to depend on the past realiza-
tion of the series is the bilinear mode[ described by Granger and Andersen [13] 
A simple case is 

.Ft = <t.4 -- L ' 

The conditional variance is now 6~- 1 · However, the unconditional variance is 
either zero or infinity, which makes this an unattractive formulation, although 
slight generalizations avoid this problem. 

A preferable model is 

yi = €~hi/2 , 
h, = ao + at .>yt- I, 

with T/(4) = I. This is an example of what w£ll be called an autoregressive 
conditional heteroscedasticity (ARCH) model. It ts not exactly a billnear model, 
but is very close to one. Adding the assumption of normality. it can be more 
directly expressed in terms of tk, the information set available at time t. Using 
conditional densities. 

yr|*r- 1-N(0.h,}. 

(2) hr = ao + aiyi i 
The variance function can be expressed more generally as 

(3) h,=h(yt-l,yz-2,···,yt-p,a) 

where p is the order of the ARCH process and a is a vector of unknown 
parameters, 
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The ARCH regression model is obtained by assuming that the mean of y f is 
given as xtl3 , a linear combination of tagged endogenous and exogenous variables 
included in the in formation set *, - t with B a vector of unknown parameters, 
Formally, 

y, 1*,- i-N(xJ,h,), 

(4) h,= h(€,-(·€,-i• · €£-P, 0!), 

4 = yt - x,ft. 

The vanance function can be further generalized to include current and lagged 
x's as these also enter the information set. The h function then becomes 

( 5 ) h , = h ( t - l ' ' flt - p . Xi~xf - i ' - ' . Xf - p ' aj 

or simply 

h, = h(*r _ i, a). 

This generalization will not be treated in this paper, but represents a simple 
extension of the results. In particular. if the h function factors into 

hi = h<(4-i•···, €£-p,0£)/,x(,xi,..·, xr-p), 

the two types of heteroscedasticity can be dealt with sequentially by first 
correcting for the x component and then fitting the ARCH modei on the 
transformed da-ta.. 

The ARCH regression model in (4) has a variety of characteristics which make 
it attractive for econometric applications. Econometric forecasters have found 
that their ability to predict the future varies from one period to another. McNees 
[17, p. 52] suggests that, "the inherent uncertainty or randomness associated with 
different forecast periods seems to vary widely over time." He also documents 
that, "large and small errors tend to cluster together (in contiguous Ome peri-
ods)-" This analysis immediately suggests the usefulness of the ARCH model 
where the underlying forecast varLance may change over time and is predicted by 
past forecast errors. The results presented by McNees ajso show some serial 
correlation during the episodes of large variance. 

A second example is found in monetary theory and the theory of finance. By 
the simplest assumptions, portfolios of financial assets are held as functions of 
the expected means and variances of the rates of return. Any shifts in asset 
demand must be associated with changes in expected means and variances of the 
rates of return. If the mean is assumed to follow a standard regression or 
time-series model, the variance is immediately constrained to be constant over 
time. The use of an exogenous variable to explain changes in variance is usually 
not appropriate. 
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A third interpretation is that the ARCH regression model is an approximation 
to a more complex regression which has non-ARCH disturbances. The ARCH 
specification might then be picking up the effect of variables omitted from the 
estimated model. The existence of an ARCH effect would be interpreted as 
evidence of misspecification, either by omitted variables or through structural 
change. If this is the case, ARCH may be a better approximation to reality than 
making standard assumptions about the disturbances, but trying to find the 
omitted variable or determine the nature of the structural change would be even 
better. 

Empirical work using time « ries data frequently adopts ad + 1OC methods to 
measure (and allow) shifts in the variance over time, For example, Klein [15] 
obtains estimates of variance by constructing the five-period moving variance 
about the ten-period moving mean of annual inflation rates. Others, such as 
Khan [14], resort to the notion of "variability" rather than variance, and use the 
absolute value of the first difference of the inflation rate. Engle [10] compares 
these with the ARCH estimates for U,S. data. 

1. THE LIKELIHOOD FUNCTION 

Suppose y, is generated by an ARCH process described in equations (]) and 
(3). The properties of this process can easily be determined by repeated applica-
tjon of the relation Ex = E(Ex I *)). The mean of y, is zero and all auto-
covariances are zero . The unconditional variance is given by 4 = Eyt = Ehr · For 
many functions h and values of a, the variance is independent of r. Under such 
conditions, y~ is covariance stationary; a set of sufficient conditions for this 1S 
derived below. 

Although the process defined by (1) and (3) has all observations conditiona][y 
normally distributed, the vector ofy is notjointly normally distributed. The joint 
density is the product of ali the conditional densities and. therefore, the jog 
likelihood is the sum of the conditional normal log likelihoods corresponding to 
(1) and (3). Let l be the average log likelihood and 4 be the log likelihood of the 
tth observation and T the sample size. Then 

l=1£, T,=~ 'ri 
(6) 

4 = - f log h,- t y,1/h,, 

apart from some constants in the likelihood. 
To estimate the unknown parameters a, 

maximized. The first-order conditions are 
this likelihood function can be 

(7) 3.f - --1_ 2*£ € =€2 -3a 2hr aa h, - 1~ 
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and the Hessian is 

(8) 
324 =- 1 34 aht /24\ 

a<Xac£' 242 aa aa' l h, J 
y: 
h~ 

8f1 i 3 ot' [ 2h, aht 1 
aa ~ 

The conditional expectation of the second term, given *, -m- p is zero, and of the 
last factor in the first, is just one. Hence, the information matrix, which is simply 
tile negative expectation of the Hessian averaged over all observations, becomes 

(9) g = C«* L 
1 
2T E1 

1 ah, 34 1 
-..I .*i--i-i--

hr Ja' aa' ] 

which is consistently estimated by 

(10) 9 
I 1 Bh: ahr ] I---

£ |_ 2h2 aa Ba' 1 

If the h function is pth order linear (in the squares), so that it can be written as 

(1 [) hr = ao + at 59- ( + ' ' ' + 0*R- p, 

then the information matrix and gradient have a particularly simple form. Let 
z, = (1, y,f- t, ..y/-_p) and a' = (ao. ai, · · ·.ap) so that (11) can be rewritten as 

(12) 

The gradient then becomes simply 

(13) JL = 1- z(Z aa 2/4 ff h 
and tbe estimate of the information matrix 

(14) f = _1_ aa 2 T Ztziz r / h 
t 

3. DISTRIBUTION OF THE FIRST-ORDER LINEAR ARCH PROCESS 

The slmplest and often very useful ARCH model is the first-order linear model 
given by ( 1) and (2). A large observation fory will lead to a large variance for the 
next period's distribution, but the memory is confined to one period. If a ~ = 0, of 
course v wil] be Gaussian white noise and if it is a positive number, successive 
observations will be dependent through higher-order moments. As shown below, 
if ai is too large, tbe variance of the process will be infinite. 

To determine the conditions for the process to be stationary and to find the 
marginal distribution of the y's, a recursive argument is required. The odd 
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moments are immediately seen to be zero by symmetry and the even moments 
are computed using the following theorem, In a]1 cases it is assumed that the 
process begins indefinitely far in the past with 2r finite initial moments. 

THEOR™ \. For integer r, the lrth moment of a first*order ii}iear ARCH 
process with oto> O, oli -20, exists if, and only if, 

Y € H (V- 1) < t, 
j=1 

A constructive expression for the moments is given in the proof· 

PRooF. See Appendix, 

The theorem is easily used to find the second and fourth moments of a 
first-order process. Letting wz = (y,4, .k,f2)<, 

£(W, 1 
0 

The condition for the variance to be finite is simply that al < 1, while to have a 
finite fourth moment it is also required that 3 a~ < 1. If these conditions are met 
the moments can be computed from (A4) as 

3aj ][ j -at] 

(15) £( wt ) == ~ C 1 - a ,)2 .~ ~ 1 -- 3 ik i ~ 
ao 

1 - al 
The lower element is the unconditional variance; while the upper product gives 
the fourth moment. The first expression in square brackets is three times the 
squared variance. For oq *: 0, the second term is strictly greater than one 
impbgag a fourth moment greater lhan that of a normal random variable. 

The first-order ARCH process generates data with fatter tails than the normal 
density. Many statistical procedures have been designed to be robust to large 
errors, but to the author's knowledge, none of this literature has made use of the 
fact that temporal clustering of outliers can be used to predict their occurrence 
and minimize their effects. This is exactly the approach taken by the ARCH 
model. 

4 GENERAL ARCH PROCESSES 

The conditions for a first.order linear ARCH process to have a finite variance 
and, therefore, to be covariance stationary can directly be generalized for 
pth-order processes. 
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THEOREM 2 : The pth - order linear ARCH processes . with « q -> 0 , a - t , ., Olp 
k 0. is covariance stationary if, and onty if, the associated characteristic equation 
has all roots outside the unit circle. The stationary variance is given by E(yh = ao / 

(1 - If= ' a), 
PROOF: See Appendjx. 

Although the pth-order linear model is a convenient specification, it is likely 
that other formulations of the variance model may be more appropriate for 
particular applications. Two sirnpk alternatives are the exponential and absolute 
value forms: 

(16) hr = exp(ao + ai.v/- 1), 

(17) ht = ao + ally,-[|· 
These provide an interesting contrast. The exponential form has the advantage 
that the variance is positive for all values of alpha, but it i-s not difficult to show 
that data generated from such a model have infinite variance for any value of 
a, * 0. The implications of this deserve further study. The absolute value form 
requires both parameters to be positive, but can be shown to have finite variance 
for any parameter values, 

In order to find estimation results which are more general than the linear 
model, general conditions on the variance model will be formulated and shown 
to be implied for the linear process. 

Let 4 beapxl random vector drawn from the sample space I, which has 
elements i; = (4-+ ···, 4-p)· For any 4„ let £* be identical, except that the mtb 
element has been multiplied by - L where m lies between 1 and p. 

DEFINITION : The ARCH process defined by ( 1 ) and ( 3 ) is symmetric ii 

(a) h (t) = h (4* ) for any m and t€Z, 

(b) 81(£)/aa, = Dh(C)/aa, for any ,n, i and £€S, 

(C) ah(t)/04-„,= -3/1(4*)/3£ - „1 for any m and UE. 

All the functions described have been symmetric. This conditlon is the main 
distinction between mean and varlance models. 

Another characterization of general ARCH models is in terms of regularily 
conditions. 

DEFINITION : The ARCH model defined by ( 1 ) and ( 3 ) is regular lt 

(a) minh (4 ) 2 6 for some 6 3> 0 and 4<E. 

(b) E(IOh(4)/aambh(4)/84£-m||kt-O~-I) exists for all i, m, t. 
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The first portion of the definition is very important and easy to checkj as lt 
requires the variance always to be positive, This eliminates, for example, the 
log-log autoregression. The second portion 1S difficult to check in some cases, yet 
should generally be true if the process is stationary with bounded derivatives, 
since conditional expectations are finite if unconditional ones are. Condition (b } 
is a sufficient condition for the existence of some expectations of the Hessian 
used in Theorem 4, Presumably weaker conditions could be found. 

THEOREM 3 : The pth - order linear ARCH model satisfies the regularity candi - 
tions, (f ao > 0 and aI, .., ap 20· 

PROOF. See Appendix. 

In the estimation portion of the paper, a very substantial simplification results 
jf the ARCH process is syminetric and regular. 

5. ARCH REGRESSION MODELS 

If the ARCH random variables discussed thus far have a non-zero mean, 
which can be expressed as a linear combination of exogenous and lagged 
dependent variables, then a regression framework is appropriate, and the model 
can be written as in (4) or (5). An alternative interpretation for the model is that 
the disturbances in a linear regression follow an ARCH process. 

In the pth-order linear case, the specification and likelihood are given by 

y, ' *, - i-N(-x,B, hr), 

h, = ao + a[ € 2 ,-1 -+a€ 2 $- PD 

(I8) t = yi - xr /3, 
T 

t=tX 4, 
L== I 

4 = - 4]ogh, - lf//hl, 
where x, may include Iagged dependent and exogenous variables and an irrele-
vant constant has been omitted from the likelihood. This likelihood function can 
be maximized with respect to the unknown parameters a and B. Attractive 
methods for computing such an estjmate and its properties are discussed below. 

Under the assumptions in (18), the ordinary least squares estimator of /3 is still 
consistent as x and < are uncorrelated through the definition of the regression as 
a conditional expectation. If the x's can be treated as fixed constants then the 
[east squares standard errors will be correct; however, if there are tagged 
dependent variables in x„ the standard errors as conventionally computed will 
not be consistent, since the squares of the disturbances will be correlated with 
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squares of the x's. This is an extension of White's [18] argument on heterosce. 
dasticity and it suggests that using his alternative form for the covariance matrix 
would give a consistent estimate of the Least-squares standard errors. 

If the regressors include no lagged dependent variables and the process is 
stationary. then letting y and x be the Txt and TxK vector and matrix of 
dependent and independent variables, respectively, 

E(y j x) = x,8, 
(19) 

Var(pix)= /l, 

and tbe Gauss-Markov assumptions are statisfied, Ordinary least squares Es the 
best linear unbiased estimator for the model in (18) and the variance estimates 
are unbiased and consistent. However, maximum likelihood is different and 
consequently asymptotically superior; ordinary least squares does not achieve the 
Cramer-Rao bound. The maximum-likelihood estimator is nonlinear and is 
more efficient than OLS by an amount calculated in Section 6. 

The maximum likelihood estimator is found by solving the first order condi-
tions. The derivative with respect to /9 is 

(20} 84 €-YX 
Z B 4 + I a /4 (€ _ 

2h, 3 B l h, 1 I 

The first term is the familiar first-order condition for an exogenous helerosce-
dastic correction: the second term results because h, is also a function of the /3's. 
as in Amemiya [l]. Substituting the linear variance function gives 

(21) -Qf-=lxl 
aB T 

ffX 

ht i_lf€ h,(hf - j ) ~ aj E; _1 _r 

which can be rewritten approximately by co[lecting terms in r and £ as 

(12) AL=k 
BB T 

P I xk, hi- I - I aj h, -1} (f 
t J=1 

2 - h l 1+j '+JJ 

E 4 I Xk,Sf · 
/ 

The Hessian is 

3% Xix 

80313' h~ 
/ 1 

i ah, ah, C £2 j 
WFF U; 1 Kj 

2€rx; 34 
Itt a p +Iit-' \ 8 f _L ah, 1 

/ 8#' [ 24 @B ] 
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Taking conditional expectations of the Hessian, the last (wo terms vanish 
because h , is ent~rely a function of the past . Similarly , 4 / h , becomes one , since it 
is the only current value in the second term. Notice that these results hold 
regardless of whether xj includes Iagged-dependent variables. The information 
matrix is the average over a[1 z of the expected value of the conditional 
expectation and is, therefore. given by 

(23) 43 = ~ i < 321. 
IE| £~ a/jaB' I 

1 
44-1~ 

= 1 I EF » ~ 1 -1% 13(- 1 T t [ h, 2h 1 31'B 3 B, f 
For the pth order linear ARCH regress~on this is consistently estimated by 

(24) f 
X;X 

h: 
3 

t +2 Val tu X!-j X Y-j 

By gathering terms in xi X r .. ( 24 ) can be rewrltten~ exce pt for end effects . as 

P (25) 2€tl I €ht-+51 
L j=1 

EE * I X;Xre, 
t 

In a similar fashion, the off-diagonal blocks of the information matrix can be 
expressed as: 

(26) 9 = 1- I Ef -1_ 3.t 34- j. o<8 T , \ 2)17 3a 3 /jl ' ) 

The imporfant result to be shown in Theorem 4 below is that this off-diagonal 
block Cs zero. The implications are far-reaching in that estimation of a and tl can 
be undertaken separately without asymptotic loss of efficiency and their vari-
ances can be calculated separately. 

THEOREM 4 : # an ARCH regression model is symmetric and regular , then 
4 = 0. 

PROOF: See Appendix. 

6. ESTIMATION OF THE ARCH REGRESSION MODEL 

Because of the block diagonaljty of the information matrix, the estimation of a 
and B can be considered separately without loss of asymptotic efficiency. 
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Furthermore, either can be estimated with ful] efficiency based only on a 
consistent estimate of the other. See, for example, Cox and Hinkley [6, p. 308]. 
The procedure recommended here is to initially estimate 0 by ordinary [east 
squares, and obtain the residuals. From these residuals, an efficient estimate of a 
can be constructed , and based upon these & estimates , efficient estimates of B are 
found. The Iterations are calculated using the scoring algorithm. Each step for a 
param¢[er vector + produces estimates 0'+' based on ¢2 according to 

(276 1 2'+ 1 - '' 1' 4- Fq' [ -- N' -

L - 00 J T ¥ 
a Il 
8* , 

where 5 ' and 8 t ; / 3 * are evaluated at © The advantage of this algorithm is 
partly that it requires only first derivatives of the likelihood function in this case 
and partly that it uses the statistical properties of the problem to tailor the 
algorithm to this application. 

For the pth-order linear model, the scoring step for a can be rewritten by 
substituting (12), (13), and (14) into (17) and interpretjng.>f as the residuals e,2. 
The iteration is simply 

(28) a'+ ' =a'+ (Ff)-lyf 

where 

L = CLA -! 1 , et - A / hil 

f; = (g - h; j / h: 5 
f' =lft,· ·, fr ) 

In these expressions, e, is the residual from iteration i, h; is the estimated 
conditional variance, and a' is the estimate of the vector of unknown parameters 
from iteration i. Each step is, therefore, easily constructed from a least-squares 
regression on transformed variables. The variance-covariance matrix of the 
parameters Ls consistently estimated by the inverse of the estimate of the 
information matrix divided by L which is simply 2(Fi)-'. This differs slightly 
from 62(z'7- z computed by the auxiliary regression. Asymptoticaljy, 62 = 2, if 
the distributional assumptions are correct, but it is not clear which formulation is 
better Ln practice. 

The parameters in a must satisfy some nonnegativity conditions and some 
stationarity conditions, These could be imposed via penaky functions or the 
parameters could be estimated and checked for conformity. The latter approach 
is used here, although a perhaps useful reformulation of the model might employ 
squares to impose the nonnegativity constraints directly: 

2 21 '2 (29) n, = ao + ai €,-_ , + . · + a-€. P /-P 
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Convergence for such an iteratlon can be formulated in many ways, Following 
Betsley [3], a simple criterion is the gradient around the inverse Hessian. For a 
parameter vector, 0, this is 

(30) 8 = = ft.C t _dl_ \-' 3l 

Using 0 as the convergence criterion is attractive, as it provides a natural 
normalization and as it is interpretable as the remainder term in a Taylor-series 
expansion about the estimated maximum. In any case, substituting the gradient 
and estimated information matrix in (30), 0=Rzof the auxiliary regression. 

For a given estimate of a, a scoring step can be computed to improve the 
estimate of beta. The scodng algorithm for B is 

(31) Bi+1 = Bi + [; 1-1 8/' 
B B f iIi . 

Defining f , = x , r , and 2 = e £ s ,/ rt with .€ and e as the corresponding matrix and 
vector. (31) can be rewritten using (22) and (24) and e, for the estimate of E, on 
the ith iteration, as 

( 32 ) A '+ 1 = fl : + ( f '- e ) - If , e -- 

Thus, an ordinary least-squares program can again perform the scoring iteration, 
and (x'f)'-t from this calculation will be the final variance-covariance matrix of 
the maximum likelihood estimates of B 

Under the conditions of Crowder's [7] theorem for martingales. it can be 
established that the maximum likelihood estimators & and d are asymptotically 
normally distributed with limiting distribution 

f T(& - a) -4 N (O. faI ), 
(33) 

q TC A - B ) B, Nlp, 18; j. 
7. GAINS IN EFFICIENCY FROM MAXIMUM LIKELIHOOD ESTIMATION 

The gain in efficiency from using the maximum-likelihood estimation rather 
than OLS has been asserted above. In this section., the gains are calculated for a 
special case. Consider the linear stationary ARCH model with p=l and all x, 
exogenous. This is the case where the Gauss-Markov theorem applies and OLS 
has a variance matrix a2(x'x)-' = E€7(I~X';x,)-i. The stationary variance is 
01= 0:O/(1 - 00. 

The information matrix for this case becomes. from (25), 

£[ Ixix,(4 |+ 2#QA/h/+ 1) -1, 
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With x exogenous, the expectation is only necessary over the scale factor. 
Because the disturbance process is stationary, the variance-covariance matrix is 
proportional to that for OLS and the relative efficiency depends only upon the 
scale factors. The relative efficiency of MLE to OLS is5 therefore, 

R = £(h,- '+ 24!af/hi <)12 

Now substitute h, = a, + aid-1, 02 = ao/1 - au and y = ai/i - ap Recogniz-
ing that I,2-- I and €,2 have the same density, define for each 

u = €V~(1 - ai )/ao , 

The expression for the relative efficiency becomes 

(34) R= E< tty 
1 + Yul ~ + 272E (j +u~u 1) 2 

where u has variance one and mean zero. From Jensen's inequajity, the expected 
value of a reeiprocal exceeds the reciprocal of the expected value and, therefore, 
the first term is greater than unity. The second is positive, so there is a gain in 
efficiency whenever y * 0. Eu -2 is infinite because u2 is conditionally chi 
squared with one degree of freedom. Thus, the limit of the relative efficiency goes 
to infinity with y: 

Iim R-* co. 

For a ~ close to unity, the gain in efficiency from using a maximum Hketihood 
estimator may be very large. 

8. T'ESTING FOR ARCH DISTURBANCES 

In the linear regression model, with or without tagged-dependent variables, 
OLS is the appropriate procedure if the disturbances are not conditionaljy 
heteroscedastic. Because the ARCH model requires iterative procedures, it may 
be desirable to test whether it is appropriate before going to the effort to estimate 
it. The Lagrange mujtiplier test procedure is ideal for this as in many similar 
cases. See, for example, Breusch and Pagan [4,5], Godfrey [12], and Engle [9]. 

Under the null hypothesis, at = ai '''=og=0. The test is based upon the 
score under the null and the information matrix under the null. Consider the 
ARCH model with h, = h(z,a). where h is some differentiable function which, 
therefore, includes both the linear and exponential cases as well as lots of others 
and z , = ( 1 , e /- 1 ,. ' , 

22 - P where e , are the ordinary least squares residuajs . 
Under the null , h , is a constant denoted ht Writing ahr / Ba = h ' z ;, where h ' is 
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the scalar derivative of h, the score and information can be written as 

aa o 2h° f' ~r l ho 
hO' t~= -z / 2ho 'f~, 

and, therefore, the LM test statistic can be c<>nsistentjy estimated by 

(35) £* - 4 f°'z(Z'Z)-'zy~ 

where z' = (zi ,,.., *), fo is the column vector of 
2 -li 

This is the form used by Breusch and Pagan [4] and Godfrey {12.] for testing for 
heteroscedasticity. As they point out, all reference to the h function has dis-
appeared and, thus, the test is the same for any h which is a function only of zte. 

In this problem, the expectation required in the information matrix could be 
evaluated quite simply under the null; this could have superior finite sample 
performance. A second simpjification, which is appropriate for this model as well 
as the heteroscedasticity model , is to note that plim rri T = i because normal - 
ity has already been assumed, Thus, an asymptotically equivalent statistic would 
be 

( 36 ) E = Tfo ' z ( z~ z )- Iz ' f / f '- f~ = TR1 

where R 2 is the squared multiple correlation between fo and 2. Since adding a 
constant and mujtiplying by a scalar will not change the R 2 of a regression, this 
is also the R 2 of the regression of eti on an intercept and p tagged values of e,1. 
The statistic will be asymptotically distributed as chi square with p degrees of 
freedom when the null hypothesis is true. 

The test procedure is to run the OLS regression and save the residuals. Regress 
the squared residuals on a constant andp Iags and test TR 2 as a xf. This will be 
an asymptoticalty locally most powerful test, a characterization it shares with 
likelihood ratio and Wajd tests. The same test has been proposed by Granger 
and Anderson [13] to test for higher moments in bilinear time series. 

9. ESTIMATION OF THE VARJANCE OF [NFLATION 

Economic theory frequently suggests that economic agents respond not only to 
the mean. but also to higher moments of economic random variables. In 
financial theory, the variance as wej[ as the mean of the rate of return are 
determinants of portfolio decisions. In macroeconomics, Lucas [16], for example, 
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argues that the variance of in flation is a determinant of the response to various 
shocks. Furthermore, the variance of inflation may be of independent in terest as 
it is the unanticipated component which is responsible for the bulk of the welfare 
loss due to inflation. Friedman [ll] also argues that, as high inflation will 
generally be associated with high variability of inflation, the statistical relation-
ship between inflation and unemployment should have a positive slope, not a 
negative one as in the traditional Phillips curve. 

Measuring the variance of inflation over time has presented problems to 
various researchers. Khan [14] has used the absolute value of the first difference 
of inflation while Klein [15] has used a moving variance around a moving mean, 
Each of these approaches makes very simple assumptions about the mean of the 
distribution, which are inconsistent with conventional econometric approaches. 
The ARCH method allows a conventional regression specification for the mean 
function, with a variance which is permitted to change stochastically over the 
sample period. For a comparison of several measures for US. data, see Engle 
[10]4 

A conventional price equauon was estimated using British data from J958-II 
through 1977-II. It was assumed that price inflation followed wage increases; 
thus the model is a restricted transfer function. 

Letting jb be the first difference of the log of the quarterly consumer price 
index and w be the log of the quarterly index of manual wage rates. the model 
chosen after some experimentation was 

(37) p = B Ip_ 1 + ~2~-4 + ~3~-5 ~ ~4(P - W)_ ~ + #5 · 
The model has typicai seasonal behavior with the first, fourth, and fifth lags of 
tile first difference. The jagged value of the real wage is the error correction 
mechanism of Davidson, et al. [8], which restricts the lag weights to give a 
constant real wage in the jong run. As this is a reduced form, the current wage 
rate cannot enter, 

The least squares estimates of this model are given In Table I. The fit is quite 
good, with less than 1 per cent standard error of forecast, and all t statistics 
greater than 3, Notice that#-4 andp-5 have equal and opposite sigtls, suggesting 
that it is the acce[eration of inflation one year ago which explains much of the 
short-run behavior in prices. 

TABLEI 
ORDINARY LEAST SQUARES (36)~ 

Variable P -/ P - 4 P - 5 ( P - w )- t Cons t & 0 ( X IO ,- 6 , ( l 
Cccff. 0.334 0 408 - 0.404 - 0.0559 0.0257 89 0 
S t Err. 0. I 03 0.[10 0. [ [4 0.0]36 0.00572 
r Stat. 3.25 3.72 3.55 4.!2 4.49 

' Dependent variable p = [og(P)- Iog(P_ 0 where P is quar(erly UK consumer price mdex k' = [og[ 1#') 
where U' is the U K. index of manual wage rates, Sample period [958-[I to 1977-f[. 
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To establish the reliability of the model by conventlonal criteria, it was tested 
for serial correlation and for coefficient restrictions. Godfrey's [12] Lagrange 
multiplier test, for serial correlation up to sixth order, yields a chi-squared 
statistic with 6 degrees of freedom of 4.53, which is not significant, and the 
square of Durbin's h is 0,57, Only the 9th autocorrelation of the least squares 
residuals exceeds two asymptotic standard errors and, thus, the hypothesis of 
white noise disturbances can be accepted. The model was compared with an 
unrestricted regression, including all lagged p and w from one quarter through 
six. The asymptotic F statistic was 2.04, which is not significant at the 5 per cent 
level. When (37) was tested for the exclusion of w_i through w-63 the statistic 
was 2.34, which is barely significant at the 5 per cent but not the 2.5 per cent 
level. The only variable which enters significantly in either of these regressions is 
W -6 and it seems unattractive to include this alone. 

The Lagrange multiplier test for a first-order linear ARCH effect for the model 
in (37) was not significant. However, testing for a fourth-order linear ARCH 
process, the chi-squared statistic with 4 degrees of freedom was 15.2, which is 
highly significant. Assuming that agents discount past residuals, a linearly 
declining set of weights was formulated to give the model 

(38) h, = QO + al(0·44- I to.34-2 + 0·242-3 t G· 142-4~ 
which is used in the balance of the paper. A two-parameter variance function 
was chosen because (t was suspected that the nonnegativity and stationarity 
constraints on the a's would be hard to satisfy in an unrestricted model. The 
chi-squared test for al = 0 in (38) was 6.1, which has one degree of freedom. 

One step of the scoring algorithm was employed to estimate model (37) and 
(38). The scoring step on a was performed first and then, using the new efficient 
d, the algorithm obtains in one step, efficient estimates of B. These are given in 
Table IT. The procedure was also iterated to convergence by doing three steps on 
a, followed by three steps on B, followed by three more steps on a, and so forth. 
Convergence, within 0.1 per cent of the final value, occurred after two sets of a 
and /3 steps. These results are given in Table III. 

The maximum likelihood estimates differ from the least squares effects primar-
ily in decreasing the sizes of the short-run dynamic coefficients and increasing 

TABLEII 
MAXIMUM LIKELIHOOD ESTIMATES oF ARCH MODEL (36) (37) 

ONE-STEP SCOR[NG ESTIMATESa 

Var [ abl ¢ P - M P - 4 P -% CPI - W ) - I Co £ 1 st , *( X 10 - 0 ) al 

Coeff. 0.210 0.270 - 0.334 - 0.0697 0.0321 I 9 0,846 
St. Err. 0.1 Io 0.094 0, )09 0·0 l 17 0.00498 14 0.243 
/ Stat. 1.90 2.86 3.06 5.98 6.44 1.32 3.49 

a Depemdeo t variable p = Iog(P) - Iog(P_ I) where P u; quart¢rly U K. consumer price indei. w = logt W) where 
*' is the U K ~nde'K of manual wage races. Samptc Period 1938-1I to I 977-It, 
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TABLEIH 
MAXIMUM LIE¢BL[HOOD ESTIMATES OF ARCH MODEL (36) (37) 

ITERATED ESTIMATES' 

Variables p . i P -. P - 5 rp - W )- 1 Cort5 t ao ( X 10 - 9 OI 

Coeff. 0. I 62 0.264 -0.325 -0.0707 0.0328 [4 0.955 
St. Err. 0. I 08 0.0891 0.0987 0.0115 000491 8.5 0.298 
t Stat. 1.50 2.% 3.29 6.17 6.67 I.56 3.20 

' Dependent variable p = Iag(P) - log(P- l) urhcre P f quirt¢rly U K consumer price crtdek w· = log, W} where W 
is the U K index of mlnuil wage rates Sample period 1958-[I to 1977-[I 

the coefficient on the long run, as incorporated in the error correction mecha-
nism, The acceleration term is not so clearly implied as in the least squares 
estimates. These seem reasonable results, since much of the inf[ationary dynam-
ics are estimated by a period of very severe inflation in the middle seventies. 
This, however, is also the period of the largest forecast errors and, hence, the 
maximum likelihood estimator will discount these observations. By the end of the 
sample period, inflationary levels were rather modest and one might expect that 
the maximum likelihood estimates would provide a better forecasting equation. 

The standard errors for ordinary least squares are generally greater than for 
maximum likelihood. The least squares standard errors are 15 per cent to 25 per 
cent greater, with one exception where the standard error actually falls by 5 per 
cent to 7 per cent. As mentioned earlier. however, the least squares estimates are 
biased when there are tagged dependent variables. The Wald test for at = 0 is 
also significant. 

The final estimates of h, are the one-step-ahead forecast variances. For the 
one-step scoring estimator, these vary from 23 x 10-6 to 481 x 10-6. That is. the 
forecast standard deviation ranges from 0.5 per cent to 2.2 per cent, which is 
more than a factor of 4, The average of the h;, since 1974, is 230 x 10-6, as 
compared with 42 x 10-6 during the last four years of the sixties. Thus. the 
standard devlation of inflation increased from 0.6 per cent to 1.5 per cent over a 
few years, as the economy moved from the rather predictable sixties into the 
chaodc seventjes. 

In order to determine whether the confidence intervals arising from the ARCH 
model were superior to the Least squares model, the oudiers were examined. The 
expected number of residuals exceeding two (conditional) standard deviations is 
3.5. For ordinary least squares, there were 5 while ARCH produced 3. For least 
squares these occurred in '74-I, '75-I, '75-II, '75-IV, and '76-I[; they all occur 
within three years of each other and, in fact. three of them are in the same year. 
For the ARCH model, they are much more spread out and only one of the least 
squares poiri ts remains an outlier, although the others are still large. Examining 
the observations exceeding one standard deviation shows similar effects. In the 
seventies, there were 13 OLS and 12 ARCH reskluals outside one sigma, which 
are both above the expected value of 9. ln {he sixties, there were 6 for OLS, 10 
for ARCH and an expected number of [2. Thus, the number of outljers for 
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ordinary least squares is reasonable; however, the timing of their occurrence is 
far from random. The ARCH model comes closer to truly random residuals after 
standardizing for their conditional distributions. 

This example illustrates the usefulness of the ARCH model for improving the 
performance of a least squares model and for obtaining more rea[istic forecast 
variances. 

University of California, San Diego 

Manuscript receiped July , 1 979 : final revuion reeeivai July , 1981 . 

APPENDIX 

PROOF OF THEOREM 1: Let 

(Al) W, = U'r ' •}'' 
. / ./r .20- [) 2' 

First, it is shown that there is an upper triangular Yxr matrix A and rxi vector b such that 

< Al ) E ( W , I 44 - I ) = b + Awi -\. 

For any zero-mean normal random variable u, with variancc 02, 
r 

E(ui') - d" I-I (2/ - 1) jpl 

Because the conditional distribution of y IS normal 

fr;t 

(A3) E<y,2~ ~ *1_ ,) -h,2," r[ (21- ') 
j-1 

nt 

- Ca,yl , + c,o)"' I-I (2j- '). 
/=1 

Exparlding this expression establishes that the moment is a linear combination of wr- I Furthermore, 
only powers of y Iess than or equal to 2m are required, therefore, A in (A2) is upper trlangular 
Now 

E(w, 1*,-,)=b+A(b + Awr-2) 

or in general 

E(w,I*,_*)=(9+A +A2+ ··+ AJ:-1)b +Akw,-A·· 

Because the series starts indefinitely far in the past wzth 2r finue moments, the limit as k goes to 
infinity exists if, and only if, all the eigenva[ues of A lie within the unit circle. 

The limit can be written as 

lim E(w, I tp,-k) - (/ - A)-,bl 
k-*00 

whkh doe not depend upon the condmontng variables and does not depend upon t. Hence, this IS 
an expressioo for the stattonklry moments of the unconditional distribution ofv 
(A4) E(w,) -(l-A)-'b. 
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[t remains only to establish that the condition in the theorem is necessary and sufficient to have all 
eigenvalues lie within the unit circle. As the matrix has already been shown to be upper triangular, 
the diagonal elemerl[s are the eigenvalues. From (A3), It ts seen that the diagonal elements are simply 

"j 

a F n oj - 1) = IT aiaj - 1) a Gm 
J = 1 j = I 

for m=1.. .,r,If #r exceeds or equals unity, the eigenvalues do not lie in the unit circle. It must 
also bc shown that if * < 1, then 8„, <r 1 for a[1 m < r. Notice that #„, is a product of m factors which 
are monotonically increasing. If the mth factor is greater than one, tben 6:,- 1 wilt necessarily be 
smaller than 8„,. If the mth factor is iess than one, atl tile other factors must also be Jess than one and. 
therefore, t - , must also have all factors [ess than one and hat,e a value less than one. This 
establishes that a necessary ar,d wfficient condttiOO for all diagonal elements to be [ass than one is 
that 4 < [, which Is the statement in the theorem , Q . ED . 

PROOF oF THEOREM 1: Lei 

/2 ~ 2 \ W, = B>4 ~ Yi- 1, + ' -K-Pi 

Then in terms of the companion matrix .4, 

(A5) E(w, I *, - t)= b + A w,_ I 

where b' = Ca<)1 0, · , 0) and 

a ~ al ·a 0 P 
1 0 0 0 
0 t .·· 0 0 
0 0 1 0 

Taking successive expectations 

F ( W , | *, - A ) * ( l + A + , 4 2 + + A ,-' jb + A A ' w ,- k . 

Because the series starts indefinitely far in the past with finite variance, if, and only if, all eigenvalues 
lie within the urut circle. the limit extsts and i.9 given by 

(A6) 

h
i-t £(w

, 1 *,-A
) . (/ - A

) - Ib
 

As this doe5 not depend upon mitlal conditions or on t, this vector is the common variance for a[I t 
As is well known in time series ana[ysts. this conditioo is equivalent to the condition that al[ the roots 
of the characteristic equation. formed from the a's, he outside the unit circle. See Anderson [2, p. 
177]. Finally, the limit of the first elemen[ can be rewritten as 

t p\ ( AD Ep , 2 = ao / l i - I a , j Q ED . 
J-I 

PRooF oF THEoREM 3: Clearly, under the conditions, /1(i) 2 at > 0, establishing part (a). Let 

*„0, - E(Iah(€,),/3,~~Iah('f~)/8L,„ 1 *_nr_I~ 

= 2.Cr„f E (|4<- ~ 1214 - mi¢/-„1 - [), 

Now there are three cases; i> 4 i = m,and i<m [f i> Ml then f,_, E *, _„, _ i and the 
conditional expectation of 14 - „.I is finit# because the conditional density is normal. If i = m, then 
Ehe expectation becomes E ( I £'' - / 1 F f + r - Yl - i ). Again , because the conditional density is norma [, all 
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moments exist including the expectation of the third power of the absolute value. Hi < m. the 
expectation is taken in two parts, first with respect to t - i - I: 

P 
- 2 £ r „, E ~ 14 - mlao + I ajik ,- j 

j..I 

- 2a~dOE {i,-m I +2_m_1} + lay* ,+j."f.t' 

rn the final expression, the inmal index on + is larger and, therefore, may fall into either of the 
preceding cases. which. therefore, establishes [he existence of the term. If there remain terms with 
itj < m , Be recursion can be repeated . As all tags are fimte , an expression for *,, m . r can be written 
aS a constant times the third absolute moment of i, _„, condltlonal on *,_m_ [, P|us another constant 
mnes the first absolute moment. As these are both conditionally normal, and as the constants must be 
finite as they have a finite number of terms, the second part of the regularity condition has been 
establisbed Q , E . D . 

To establish Theorem 41 a careful symmetry argument Is required, beginning with the following 
kmma. 

LEMMA : Let u and u be d , fv rwo tdndom variables . £( g ( z ,, o ) l ©) will be an anti - symmetric function 
°f o if g is anti-3-ymmelnc in ©, the conditional density of u ~ t> ts symmetric in u, and the expeeta(ton 
exi,5£$. 

PROOF: 

E(g<u, - u) [ - D) - - E(g(ui ©) I- u) because g is anti-symmetric in o 

= - E(g(u, o) I i>) becau,se the conditional density is symmetric. 

Q.ED 

PROOF op THEOREM 4: The i, j element of 4~ is given by 

( 4? )u - 1-~f f , 34 ahf 
IEI -L -i--~ 

, f #i @a, 84 

1 
2T 

P IXEI r m= [ 

I ah, d h, 
- - -x by the chain rule. 
h ; 3 a , 8 € r _ ,„ }'- 

. 1 

If the expectation of the term itt square brackets, conditional on *,_»f- |, is zero for all il _~, (, m, then 
the theorem is proven 

/ 1 Bh, 84 f 1 3A, akf 

because x~_ is either exogcnous or it is a lagged dependent variable, In which case it is included in 

/ 1 ah, ah, ' 

8 h, 8 h, 1 
1+ 

Dh, 3 h, 
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by part (a) of the regularity conditions and this integral is finite by part (b) of the condition. Hence, 
each t¢rm is finite. Now take Ike expectation In two steps, first with respect to * _m. This must 
therefore also be finite. 

El 
' i 3 h, 34 
2 af 4'-. i¢9-™)mg(£,_m} 

By the symmetry assumption , h ,- £ is symmetric in €, Zh ,/ ijc ; - m is anti - symmetric . Therefore . 
the whole erpression is anti-symmetric in i _„„ which is part of the conditioning sel *, Because h 
is symmetric, the conditional density must be symmetric icl £ f .- „1 and the lemma can be invoked to 
show that g(<,_J is anti-symmetric. 

Final[yi taking expectations of g condi{ional on *-„,_ 1 gives zero, because the density of 4 - I J 
conditional on the past is a symmetric ( normal ) density and the theorem 15 established . Q . E . D . 
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20-Year vs. 30-Year Treasuries 

TIle U S 'ea: u'y i)€ilo(ilcal'y ella'-iges the Inf]Iurities }'lat tt .sc;tjes f-o: exai'riple, iii Ap'd lc)86 :he 
US lieacl-liy sto,-.ped 'ss'lrig 20 ypo, -f ie:iqil'·ec, ancl 1"c)'n (_-+C.lcb,ei 2001 htt-h.igh Jgtiu:]iy 200> 
the l, S 1 '€:lslpy did Ilot iss.je 30 yeal IJD'Ifls Ut '€·S.Jln-rCI 5Sl' I'Q 30 \,eal l IeF~5~-1~ f bolds In 

Febiuai-y 2(il)(-j), nlo<in(-j Ute 10 veai- :)ond :'ie Io.'lgesl tem E'ea:..ity seeu'ity iss'!ed over Ihe 
Octobei 200 . |-iz il.Ia r/(-K)6 per:od Mo:,t , poeti :Iv c'-1 Ja' |ii nry 6 2320 t'ie I J S |3."e~~).3rl:'-~ f~:-~' ()[ the 
TreDSuly a'l 100[io.erj I-. parlfl to Gs.je a 20-\,EJ '-ilolnH-Ia| :-I'~).1!-]0'1 30'-vi Ill ine fits'. lac 09 c:jenda· 

yee-v, 202[; t le fl;<.t {Ime a 2(:-yeal nlatu ily w I 'le offeierl once I\Aa ch 1986 - 0 r 1, 

0:ui ,-li€tliodolotjy [cr es[:natlng the Ioncl-'iotlzcn ecll_Il:y Iisk p,erl 1.lili m:p<eb use of t le iIi(-Orne 
retu,n ori a /C yeai '-ieas.jiv boid Wnile a GC yea, boiid is tneorptlcol'y irioi€ coi':ct when dealing 
willi the iong- [eil-t-1 natlll-e :)*= business valualioli, l' 30 yeal -1-ieasu"y seculltles have an Issliance 
his.olylha: Ison-again-off again Ibbotsor Assoc,ateo coates a sel.es of et,J ns uslncj bonds on 
die malkeI wl'I a:,1.-Jloxill'ieitelj/ 70 years to 'natllr.ty t)ecauserr=asur) bonrls of !h s,T}atuilly arp 

available ovei a long history, 'A'I-li e Treasl-!'~J' bonel of 33- yeai s aie uot 

income Return 

Ano.net ijoln+I to keeD u mind when (alculatl'1(J lie eculty Iisl< :),-erniljtn Is Mot t'r Hiconle ieu:n on 
the a:Jurcpaa' e horizon 4€ag jry qec u,I y Iall-je,- t'ian llio total ietdin, is used i'11 1 h€ r.alci,Ialloq 

The total tell il 8 compl 'ses th'ee etut n coll-Iponeli.s the «ane 1 [2[uln t'R· capital applcC:at'on 

etur'i, and Ilie ie nvestment 'et -Jrn 1 he ill:oine 'el,Jft-i M. denned as the ooit on of the lolai ietuin 
that Ieslll,S f,om a peiodic c.ash +Iow or, in tli,E ccoe Pie bo-id couoon paylnen: llc capita 

abr.~"ec.Iatlori let.] n iesl]Ils [·o,r, me price c'-lar-tue of a hond ove o T:)€c ic :iet,od bo'-id Illicej 

qenei-allycharige iii rea.'.ion to unexpected f|tictualions in yicldt, He,nveslnieli: lellji,1 s {he ieillin 
on a (I,ven :rloilth's investment incomie \A'!loil ielivesle'] 'rlto 111(- sanle cl: '.f't doss r Hip 
'o·,bj€·(.,ien* i,ionl'is of :ho >/Pd' T-'-~C' i'~ICorno tetll: l 'S tliti: lli:et] iii !9e e.,ti,·ial'o'~ of the eCul>/ I .,< ' 

1-,re'n.Jni 1)(H aliSP It '(?plr?Sel-Itst'ie tr.i y ' jsi<lei,E, Poi-tiot i of l H:- '('-,ir , . 

Arithmetic vs. Geometric Mean 

le oll .Ilt\/ ·I:,t< i.,Ienl 1!t-~-j (lala presc'3:ed 1 Ilnly- book ille HI jlr-~,Li,( aveigi:ie ''sit i),e!'-i;i-i:~i)9: as i 

opp~)sed to (Jec,i-,-·Ot·ic avt':aqe .I<Gk i-,Ielrlillnlf Ill€ a Illl!~-lei (' 3·.·t'i,3(.F e(1'til~v IiSk 1)1€r-ll.i'U CLAD :)ft 

4.pinn,t ' "' ' ...,_,Jclttr ' ir) n€ Ii,L~Jt o O Cof.Ejte Wtie'li (JISC.D'.Pltltl,Cj . i jie a.- i i 4 , 4 , i I - - '~ <~ ' | ~ # ~ ~~' |,~| ~ ~ |~ guse a : : t, e 'r b~ ,- ~€-clo· '1 
i.,< 'D (vliltllr, n elt wl the (.APMI 0: [Ile blsdl:1:1 Llr,(:k aro , :li'I: the Fjl ili-neI (-. Inc"Pl A! t'ie 

Ltim:j'e (litfeten(,p ol '[ie ailtl:,iie'.ic tnft,ilis o' Slot'~|< 'natl<ct 'Otllz!~,S l:'1(1 I ISk|e:,3 1-.ite:-, IS 11~{j iolev:jiil 

rl L ' nbe' 

r-3 IJ' ,h'tz-(,T w..' f:,4·, I"~ :,"I. ~ .I,,7't,1=t,:-, Iel'Jll'-'(I. I ~ ~ ' .). T~'. 

p,-,ri'',i,i:i ik-171''P '"-'- Note: -i-'e.'I':,.Jr L_~~,~f C 11 'C,~'-'0,J ,','~t~Il ],''I~9'.' |,|1',I-rhd'.JIll 

OI " to b no, ' i , OL 'FI. pl.,l,Orr'L -·,2 ('O'.I' 91 I-- ,; Illarr ''f :. ,·,~~~ 'r I',r.'-1'I,J:1,( f-i£,ri:i,I:·C ,I;1 

'i|Ii,iltlll t'i' j )1 i : i-J j.. ~ t-'ZJ'I' t'~~1'|~IPC'J'i~ M Cr.,p 'd' J„( \'· )Ifll)(.~1~rl"t -, ,,r , 3 ,, r;, ;lll-'Yv,~~ t I, ~ ,%'',t ' ni 1 ,h,·v ';,®·i ,·i 

10-: 2 Chaptc' 10 ll.<i,itg .-lrstoi'ca| Data r Atbilt!. F:,iec:j:1'ng a'U Cc,tf(.,Iio Dpi I -I/ailc,1 
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The Market Risk Premium: 
Expectational Estimates Using 

Analysts' Forecasts 
Robert S. Harris and Felicia C. Marston 

„/,i //i/,i/;I I<,/ iji/,i/i ,/·, tt , , i///i,·,//t' t, ni,// k,·/ i :'.A Ii/ emmm /,i, I \ 't„~~A' 
l wni: rh~'.WAU' -i (/f) £:, , / /,/ ou /,u /h, m„i·kr/ p,u·//o/i„. /hc· au·/at,c m<,i Act ,'/,A I'9'cmmm n Aumd m bc 

/·/"„ £1/.n i' 1 /ch/, im l n:-t, ; i,1/$ i:i.·t,/ nmc'm /. i,i,/i „) , / f/N' pa ta,/ /9.U- /f)/.\ /hn i Id t,/ ,·mu/m 

av . n / a /, A , / m · ward - h , ~ , A m , e v , . uc . i / ni i n · A /-/ ie imi /· Act i / d pn · mmm ,// V , ~ ' iu t ti ' mm · i / m . w ·/ r · . 1111 
Af)' ,77;/,/C/1/ //1/4'„'U /*a/C~ W,t.:L>*,N/4' th,l; i·,·quuc,/ /, mi in tin ,/i,£ h i,i i' miu .· ,/,d,/,· /h,iu in/,·i.,/ 

i·ate, /hiwnclt'c, /.//·7 c, ? / (, /2/ 

"Ihe notion ol a mai·Act i-isk picmlum (the si,i·ead 
bet,ie'en i:irewor Ieqitited reluin~ i,n .afe and Ltiel ilge 
it sk u™») Iia. loilg i)!a>ed .ice,itt Iil role in finance It 
tb a key Ihetuf m a»et Il||(~cittlon (Ieetbinm to (|etermille 
the portlo|Io Illl.\ l)1' debt and eqult>' Illxtlltlllents. 

Morein·cr. the market i-isk premium play. :1 enllenl tl,le 
m t|ie Captt:i| A.•,et l'i ieiiig Alodel (( ,\PM). tile mo.t 
Wlde|> u.ed mean, o I'c.tllilating elilnt> hurdlerate. Ii> 
i)!-:ictitionei, In iccent >·ears. Ihc piaetic.i| vpliitic,ince 
o| C~tll~l,ltlng hllch Il 1112lrket plelilltlln |ul, illi·]Ca,Cl| ,!~ 

jirm>. f-i,i:ineial anal»I~.atid Ill~l·Nll,t~elliplo> Iinatleial 
I-ramcuork<· lo aii.il> /c eorpo nte .mil in, evmcnl 
pei|t Imance I (,t liiv.mee. tile 1!icle,ibed ttbe ot 
[ ll)1,(,Illic \,1|uc Added tl-\'/\ ) to ,»ehh Ll)1[)(,I,UC 

pel-fbnnance |i,t, pi<n 1(Ieil a ne\\ It~1~~e[ii. Ioi eqimatiny 
C,tpllal Coq•• 

Ilie moq pi-c,alent,ipin-oaeh [o ewimminy tlie imtlket 
riqk i)1·emium 1·elio on *om· .ner:age i,f the hi*toit·al 
.]~·e:td betji·cn i·ettit!™ oil t,lo·k. and hmu!4 ' l hit 

|<{,I,c·It 0 ||,:111, I~ ill. ( Nt·u.lit %hepp.tld I'l „|.-Oi t,j |tll~Ilt.·N·· 
WMHI.t .ttton .,nd | e|1.1.~ ( \1:it.ton i..ui \..'i.ite 1~toll.'"r 

·11 th, t illi.t.tp, „I \Iryll~I.,. l il.i[Iott.·,~ill. \'A 2291)6 

I Ii..,titli,ir. [h.ink I ilk It.luud .ill .Illt,11il,~,•w. l·~ 1:„e·I .itlil 
wmrn.,i p.i,11, , p.i ti t. ., [ tlie l ti i\.'r.Itj i,I \ itgint., ,|ie 
| Ill\LI'll'. /1 ( /ttlliillilll .1/tl .Il t|ti h| ( /I LIli/Il] C t/t I 

| h.mb tt, i).trd.·n '~pt,t~.,u~. I\ \. tllc \\.ilker l.i,nil, I tl!~(1 
.tmi 1|.|Ilttle \Nholl.1[e, |OI ·.nppotl 'd t|1 , fehL.ir~h illd to 

1|W 0 I,ll tt'I '~Ipi,|i Ilul (|." .i 

C|lt )1·C |lin 4(,me .ipl)C,t|llig e|l.Ii l,CteltbttCS |lut l•• 

*ub.]ect to man) ,irbltrar>' asunnption, :lich :ab the 
Ieleunt period fin tokillg an au·i:tge (ulll])outuling 

tile (|I| |icll|t>' of lthmg historical i-eturtib i. the uell 

noted Ih·t that qlai)(I,itd Iiit,dels of Col™wme'l Cholie 
i l,ll Id pl-edi et m iic h li,u ei .piead. benwen eqli lt> and 
delia ietiirns thini |un e occurred m l 'S marketb tile 
v, c.died eqttit> i·141 prellillim pti//lc (.iee \\'clch. 2000 
, id Siegel and I halei. 1997) Iii .idditi(it). theor> c,i]Is 
Ii)1 a 1(,tu :u-il-lool,inK 11+k prelitlum that C(,ll|(| „ '|I 
change incl tllilc 

I hi; paper iakef an .ilterti,itc .ti,iirtmch Ii> ttviig 
e \ peel.ittonal d.l ta lo i·$ t i inatc the niatket i·t>k i) re m ium. 
l hc apiuo,Hi h hd. t,# o In.1]ol .1(Ii Jlltilt.hh toi 
piaitltlonen I ll'.t. it pr,n ide• :m Iii(Iepcndent 
e~timatc that cun be ci>ilipaied lo Iiiftoric.il akei:igo·, 
\! ,1 1111111111Llili. Ill]~ i,tn help Iii ttlli|el,t,tllihng Iikel> 
nmge# l'or ri.k prcmia heec,iid. e\peclatll Ill,i l (Iata Iill(1\% 
tnie.tlgatton ol eh,Inge. in ti.k pletnl.1(net time Fitch 
tnne \,nl,ttion>> ill Ii>k plclnt.t..el#C Jh Itllpottilnt slgllitlh 

frl)m Ili,e.tol·>. that hhuu|d aftee t a |i,)41 o| lin:illcial 

de·tvmA 1-hl~ papet ptoulk·N n·H iewh l)|~ uhet|~·I 

cll:tngeh ill rlhk pieini.t o\er tnne arc Iiiiked to I-(>i\~:tld-
|ooklng me.,N lil-e. ol Il,k Fpc citic.ill>. iu-· look at the 

|tlun,t | .tt!'·, ll.itti' .ili•! lliy':i,1. (l•")X) pi,i'tdc 'uiu; 

L\|tk|,LL lin bol|l Ic.[book .I,hlta .tnd i,f.tl|Itiollcr 1~~¢1|uub 

|(4 l.tji\·1|Illy l 1['I|.ij ,.F, ~'~. |..1.1'11LI]t i„ the .n.tik,i !,ir 

ui.| o| d.ipl|:il L.|I!:1.ik'. |1+.•hi,!1 \.b,I:.,ti. , lt,9.4, ptibli.hi. 
1 "t /.1 It l .,Pil.I /.1/.,ttl/I\ 

6 
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HARRIS & MARSTON-THE MARKET RISK PREMIUM 

Ie|.itlondlip betueeil the Iisk premium and Iolil e., 

au/c nie,IAM·c· of i i·k the *pxead lietween >'ields oil 
corporate .incl gcueinment l,onds. conNumer #entinient 
about fu[ute ecnmunlc eonditioils, the in erage le,el 
ol di~peision aero» anal>'sts a. the> li,rec,fv 
corporate e.i niny4. ind the implied vo|atlilt> (,n the 
h& P5(H) I ti d e; de I·n ed rom options<Ia ta 

Section I proudes background on the estimation of 
eqi,it>' requited ietitrn> and a brief diwtigion ot 
cutrcnt practice in Nnnating the market ri~k piemlmn 
In Section H. inodek and data are d ISC liqsed. 1·Ol lowl iig 
A e(~Inpar·tqnn of t|le rmiltb t(, Illhtorlca| retllrns in 
Nectlon [ll. ueexamtne the time-series characteristic~ 
ol the ewim.ited market premium tn Section I V I-113ally. 
Conclublonb ttre offered in Section V 

I. Background 

rhe notlon of'a "market k·eqlll·ed I·.lte of'return IN a 
convenient ancl u!(Iely ti*ed eoti.truc·t Such a rate (A) 
i< the mmitnuin le,el of e.\pected return neceqsar>· to 
compenhate I,nebtc,rs fur bearing the averaee r~k of 
equity m, evment•. and recen ing dollars in the future 
rather than m the present. In general. A u·ill depend on 
retiirns azailable ori alternalne invextnientq (e g 
honch). To Kc)|.tte the effect, ol risk. i[ is wqeful to 
work tn terms nfa market risk premium (r·p). defined as 

'i- A t. (1) 

uhere, - reiwired retitrn lor a /e·ro rp·.k tnrestinent 
[.aekiny a vq)erlor alternatne. inr'eKtlgittoiq often 

tihe mo-ago of ht4lorla| reali/ationb to (Ktlmate a 
market ri~k preimum itruner. linda. I I:irrix. ;ind Iliggms 
( I 998 ) prcn ide r ecent.v ir r e> re>. ull· on best piaetice; 
h> corpor.ition•, and financial ad\ iqor~ While almo<t 
all reqpoiiclent> iI+ed :nnie in erage of paqt data in 
e~timating a ni:t·ket riwk premium. a uide lange of 
approachei emerged "\Vhile· mmt of nui 27 aim)]e 
c(itnpallte~ appear to u·e a 60 >'ear Iitwortcal period 
to esttinate ielititi<. (,tie cited a windou oi le», tli:rn 
ten ye:li.. IV,i, Cited \, mdoi\s ol' abclit ten bears,one 

be·gan .neijymg \,ith P)60. :mdanotherwlth 1952 data" 
(p 22) Sonic u~ed ai ithnietic.ieraiws, and £(inie u.ed 
eeoinettic I Iit~ Iitnorical approach reqiitre~ the 
,1*,umptioih tlmt p.iv re.It/ationb .irea good ~urrog:itc 
lt,! futllre Ci Iielt,ltl{,tlh and. ah [ypica| |> applied. that 

the riqk preiniuin 15 con·tant o, er time, Carleton and 
Lakoniqink { 1985) d ei 11(1]i *t]·ate einpirically viine ofthe 
probieinx \i ith bizih hi~tuneal pretni.) ulicn the> .irc 
dnaggregatei! for tizi'ferent tiine peno<k o! gioups of 
1-i,in: Siegel { 1999) ute; addmon,i! prolilem>. olilvng 
hi .toric,il retitin4 lind argues th.it equit> i,reinium 
e.ttlliate. Iroltl paq <1:ita ate hkek too high Aq Brinel 
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et al i I 998) point out. !eH resp(indent, cited u.e ot 
e,~pectationa! data to ~ipplenient m replace hi4toriciiI 
retllitlf In estmlalmg tlle mitrket prelnililn 

hli,ve> evldence :114(, 4|1{,Uf illbstaiittal #:iriat](,ti 
in empirical e~timates \Vlien respondents gave a 
preei~e evimate of the market premium. they cited 
figures from 4% to o\'ei 7% (Bruner et al . 1998). A 
qunte Irom a sitrw> respondent highhghls the lange 
in practice. "In lc)93. ue pollcd ~arioiis invc~tment 
banki and academic sttill,CN on the issue as to the 
appropriateiate and got .i i>·ahe te bet ~veen 2 ti tid K°o, 
but tnost were between 6°4 and 7 40.6," ( Bruner et al . 
199X ) An infornia| iainplrng ol' current practice t,Ko 
reieali iaige differences m assumptions about an 
approprmie market premium l'or instance. in a l 999 
app|iation of EVA atial>414. (]oldm.Un Silchi 
Investment Research %peeilies a market riqk prcmmm 
ol "3% from 1994-1997 and 3.59: from 1998-19991{ for 
the S&P Inilustrialq" (Goldman Sachs. 1999). At tile 
i,imc time. an April 1999 plione call to Slern Stewalt 
i·eiea led that their own appllcatton of' EVA tymcall> 
einployed a market risk preinium of6%. In its application 
olhhe CA PM. Ibbotson A qsoc iateq ( I 998) uses a inai·ket 
ri~k pl-ein ililn of 7 8%. Not sut·pi·ts mgly. academ icq do not 
agi·ee on the risk premiuin eithei·. \Velch ( 2000) surveyed 
Ieadhig financial eeonomists at niaior univeisilies. For a 
30-yeai horvon. he found a mean risk premium ol 7.1% 
I,itt a rangc from I .5% to l 5" „ ,~ Ith an nuerqiiai·tile range 
of 2 4% Chased on 22(, re4poliseb) 

To provide acldltional insight on eqtimateh ol the 
inarket premiitni. uc u ,· publicly available 
crpeclational data 'Ihis npect:ltion,il appi·o:lch 
ein i,loy9 t he el l i id end growt li inode I ( herea fter i·efei red 
!(, ah tlie dl,cotlnted caih Ilciw ([)C F) model) in w hich 
i, ciuheti<i,4 niea,m-e of liziancia| .inalyct,/ f'c,reeaqs 
(l ,\I· I t, f earnings i•. ti,e(1 :i~ a prox> ft,r t[1\'ebtor 
e,pect,itioir, 1.arlier notk hah w,ed FAF in D('1· niodei; 
bm generall> han ctneird a 9)an ofonly a feu >ai·4 
due lu d.11:i a\a~abilil> 

Il. Models and Data 

I he wtiipleq and nio.t commonl> used ;eiwi,n nf' 
the I)('1- niodel i> etnplo>ed to evillitlc sh.treholcler~ 
iequired rate of return. A ai bhoun mi:quat!(,n (2) 

hte V.ilkit I ( !l)K2 }. ttiigli.nn. \ in·,<.n .~nd hluune { 19><€), 
ilati i. r i t>K(, ) an<1 It.irrt. .in,j \!ai,ti,!i (19l,2 ) l h. [)l l 
Wipin.kh uith .,nalu.IC 1(,l.·i.i.t• lw. l,rcn ukd tlcquenth in 
icyi,Iaton ·.ettin» Ihliohun \•e,ui late% ( I~)()>;) uw .t '. Jri.inl 
iii the I)( i model v.i!!i Ic,r„ .ird-Ii,i,kmg grout|i r.,te·., |t~i\~e#er, 
the; d., lit% it' .* +Cp,11.]IC [Cchltllple .md not d, p,lit <q Ihe 

( Al'\1 I oi the ir ( \I'M C.tll,t.It:4, tlie". 11%.e | .Ioril.i| .tier.tgc. 

hu ihe m.nket ri.k pri·mnni 
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(2) 

uhei·e D~ - dnidend per share eipected to be reccned 
at ttmeone, /t cilrrent price pershare (tinic 0).and,i: 

e\pectcd growth rate in dnidends per share.' A 
pritnarydifficult>' tn using the DCF model I sobtatninu 
an estiinate of g, since it should reflect market 
CXpect[ttlonb of ftltllre per|'oIll):lltce. .|-llih paper uses 

published PAK of long-riln growth in earnings as .i 
proxy for g 1 qutition (2) can be applied fu· ati 
individual stock or atiy portfolio of companies We 
l ocus primanly on its appl ication to estimate .i maiket 
premium as pro,Ied by the S&P5()(). 

FAF comes from IBHS inc The mean ialue et 
mdiudual analysts' |'Oreeasts of live-year growth rate 

in EPS is used us the estimate of'g tn the DCF model 
['he five->'eal horw oil is the longest horizon m ci which 

su e h orecas t s a re a i ai l able from l B 1.S an d o fte n i s t he 
longest hori,on used b> analysts. 1131.S requests 
"normalized" the-year grouth rates from anal»ts m 
ordei to reinnve shoit-term distortions lh:,t might stem 
from using an unusually high oi low earnings yeai ah 
a bae Grouth t-ates are available on a monthl>· basis 

Dividend and other firm-specific information come 
from COMPUSTAT. D, is estimated ns the current 
mdicated annual di,iclcnd times (/ lg) interest rates 
(both government and corporate) are ftom Federal 
Reserve 13tilletins and Woodi· :, 8(,ndRe(·o/-,/ Exhibit I 
describes key variables used In tile study Data are 
used fur . ill stocks in the Smndw · d wid Puor '; 51 )(} 
stock (S&P500) mdcx fi,Ilowed by IBIiS Since five-
year growth ratcs are first 36 ailahle from l B I:.S begi nning 
in 1982. the aiialysi•, c(,\ers the· Ilet·ti,d from J:tllilitr> 
l 982-[ >eccmher l 998. 

The apprnach used i, generally the ~amc approach 
ah used m Hart·pand Mmston (1992) i·oreaeh month, 

Oiii melhc,d. toll„* Ilairi. t I')86) .,iid Ii.ltll. :,Ild \1,11.ll,n 
c tc)92) „|w {11.cil.. eill|Ii·r re.;,If .h and tile appi„.ieh cmplo>'ed 

here. mhidmg u,Ii,p.n,40]t. ol vngle IL·I,ll. 1~tt,|tl~tage glo,uh 

modc|+ <,lnL: .ill,1|> +t.' 1(,rc.,1.t gil,U th M e,irnmg. per .h,ire. 

their proiect,iu , .Irnuld ii~i<irpor:ite ilie .rntt.ip.ited elicit. ot 
.hare r:ptmh.m Iir„gr:nn· I)1, td:nd. per .h.ire „ oi,Id i:ro\, .,t 
the ·.amc Me .i. 11"·> .1 . It,1~k! .1'. C(>ml,.:I)1:~ I~1. 11.tj:e .i cl,Il.t.nlt 
wtici ot ,]i , Idc,id. I, e,iri,ing, „n ,i p. .Ii.,re h: .1. It.m·d m 
h&1'ftlf) Iigure~ (••ie the VM<i.nd i,nd l'o„l . „cb·.ile !„r th.,1· 
plt,Le{itlre,), thi I,itio ol 1)1'h lo !.I>S HaN 5 I during the period 
1982.X{) and 12 hu the p:ri„(l ll)(){)-9>. [:imdin (2(H)1) 
,ll.Ctlb,C. wm. IV't,CN il .Ii,lrc iei,lilib,i,c. de.ir{~> the 

equnalence ol I I'\ ,ind I)1'S g,1·outh r,tle, l hcoretlc,Illy, : 1. ,: 
il.k-tree ratt·. thotigh tt. elnpirii.il pr„v. i, oiil~ .i ' ie,r.i ri,k 
alternatne ih.it i. Ii.Il ·.ub.Icit to t!4k | vr Il~.1.rnl-e. ·b.ne~. 
12(}(}(n .Iio„. iii,it tnei the 194(,- 194.; i,Lrlod |,$,nd w].till#> 
Iin monthh re.Ilwe·t] tettir!,O Ii,is mire,i,e,i [e|:itnc I„ btock 
, „1.itilil>. „I 1.h i, .uld be c c>n ;1.t:nt n ith a drop m the eqitit~ 
m,nkcl premium 
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it market required rate ol return M calculated using 
each cliudend-pa> mg block m the S&P500 incle, fol 
which data arc available As additional seicens for 
reliabilitv oi data, iii a unen month we eli ninatea firm 
tl'there are fewer than three anal>sts Ibreeasts or if 
the standard de, iation around the tnea,i forecast 
eu·eed. 2090. C'omhmed. these t,fo screens elinunate 
few er tham 20 stocks a month Later ue rcpc,rt on the 
.hensmuty oft|le lesliltq to rarioits screens fhe DCF 
model In liqltalton (2) is applied to e,ich stock and tile 
i-esultb weighted by market ualuc el'equity to prodllce 
the market-required return The ri,k plemium ts 
con>triteted b>' #lthtracting the interest rate on 
govenunent bonds 

We Uelghted 1998 resil Its by >'ear-end 1997 market 
values smce the monthly data on market willie did not 
exten(1 ihiolighthhperiod Slncedataon Iirm-specific 
dividend >ields weic not arailable ibr the last four 
molitl™ of 1998 at the mne of this study. the market 
dividend yield for these months was estimated liNing 
the dn idend yield reported in the M ' ON Su · eet Journal 
*caled by the average ratio of this I'tgure to the 
dn'idend yield toi oursaniple as calculated in the firbt 
eight months of 1998. Adjustments were tllen made 
ilsi!ig growth rates Iiom 113HS to calculate ihe market 
requlied return. We also cstiinated results using an 
itverage dividend yield for the month that employed 
the inerage of the pnce at the end of the current and 
prior months These a,erage dividend yield measures 
led to snnilar regression coefficients its those repoi-ted 
later in the paper. 

For short-term hoti~onb (quarterl> and annual). past 
research (Brown, 1993) finds that oli average analysts' 
forceahts are ovei-ly optimistic compared to 
realwations liu„ei'er. Iecent research on quarterly 
hori/ons (Broun, 1997) sllggesth tllat rtliill)qtb 
Ibiecasts for S&P5{)(} Iirnus do not haue an optimistic 
bias l'oi the penod 1993-1996 l here is ier> little 
research on the properties of Iiie->·ear grouth 
Ioleea>tb. as opposed [o shot·lei· |ior 170n predictions. 
Boebel ( 1991 ) and Boebei. |iarrib, and G itltekin ( 1993) 
c.unnme possible bias iii atmlysts' fivc->'ear growth 
rates These vudies lind ei ilielice (,1'Bptimi~in in HJES 
front|1 1'(}rec:tb!% In the most thorough ,ttic]>' tc) date. 
Rochel ( I 991 ) report. that dus bin. seeins to be getting 
~nialler <ner time III. ft)1·ecast data du not e \tend into 
the I 900s 

At]:il\'sts optmisin. if* an>. is not nece#s,iiil> :i 
pi(,bl·in ftuthcanalysisinthibpaper. It'lilvcbt(Hsshi,f l 
:in:i|ystC views. our pr»eedure; will vill yield 
it i, b i used ewnmate·* o i teqllil·d return, and rlsk p emt a 
In light ol'the poswble hlas. howe; er, we interpret the 
e:timateN as "upper hounds- l'or the m.irke[ premium 

'| hli study also iise. fuwi· , er> (|1| i't·Iellt S{~illceb to 

'·t-enlc ex (/,it€' me,iqltref of eqtlity risk at the tni·ket 
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Exhibit 1. Variable Definitions 

k = Iiquity iequited .ite iettirn 

/', = I'rtce pe, .Imte 

= Ii\pecte·d drvldend I,er 411:ue tl~e:1~tncd :is cullenl indicated annual 
di, ulend Iiom C (),1'1 PUSTA [' iiitilt plied by i]+ K t 

i' = \,ernge finimcia| ai,a|nt.' loree:N ol Inc-ye.n i:iuutli tale iii e: 
pei .h,ne (from IBFS) 

tllill~Fh 

, Yield t. mauiiity i>n Iong-tei m 1. S gt)velltll):t~t 4)blly,~110~ i .,IllLC 
Fedeial Rm·iu·. 3()->c:u i<),i~1~wit m:niril> ~eik·.} 

/p = I.quity rid plelmtll,1 L.tl:u|ated ilh i/i =/, i 

13 SPREAD qpiead between >'ieId, on corpoi·:tie ami gci,enimeni 1, nik BSPREAD = 
yield to in;ilu 1-it >' on lolig-te i n] eorpoi ai c I,c)nd, ( Nl ool|y« .t# C!.Igc .!ei 0- |,Olll| 1, t lng , alcgol I·N ) 
Illtlltl4; 

= Monthly um.Utiier confidence mde~ reporteil b>· the Conf·ieme Boaid 
idn'id·d by 1(*)) 

1)'SI) = |ji,pei.ion Ijt .inalv.t. 1(,iei.i.t. at i|ie· it),wket liu| 

\ ()1 = V(,|:itllit> 1(it the S+I'5(10 |ildek .i. Illlp|Ied hi oplion. daia. 

Ie, el. The first proxy comes froni the bond market and 
is calculated as the spread between corporate lind 
go,ernment bondy ic Ids (BSPREAD). The rationale is 
tliat Iicreaqes in this spread signal investors ' 
perceptions of mcreased riskiness ol'corporate activity 
tliat would be tr:mslated to both debt and eqilit> 
ou,i,ei 4 The feeond measin·c. CC)N. is the Consumer 
confidence index reported by the Conference Board at 
the end of the month Whilethe icpoi·tcd indei tends 
to be atound 1 ()(L we rescale CON a; the :lcti.il indei 
dnided by H)0 We also examined uqe oil'ON its of 
the end o!- [he prior month. ho\vever, in i-egression 
ati,il)'914, this Iagged measure generally #as nol 
vatistical|)' significant in eAp|aining the Ieie] of the 
mai·ket tisk pieinium ' The thnd inei,suie. DISP. 
measineq the dispeision of analysts' fc,iecasts. Such 
an,ilyst disagreement should be positively relaied to 
percencd i-isk since higher levels ofunceitaility would 
Iikel> generate a wider (It,tiibulion ot icalnmgs 
Ikirceitst~ fur a given firm DISI' i, calculated as the 
average of firm-specific standard dei latu,nb fur each 
stock in the S& P500 co# eted b> I [3 ES. The li i m-spec i lie 
stai,datd deviation is calculated based on the 
dispersion of mdl, tdual ;itialysts' growth forecasts 

'We euin Iied [ wo o[|wi pl i) ,1 is t or C i~ii.umcl C o:itidcitc~ 
The Conterenec 13<,ail', Con,umer t ;Iiec[,uion. Indei >ielded 
.»entia||) the .ami reuilt. a· thme reported rbi li:i.er.iti 
til Mtilizga,0 ('Mwm:r Nentlineni Indice. tended to bL Ie» 
wgnilic.tnlly hnkcd h, the m.irkei ri,k preiniwm though 
eoel'hi,uit~ u,ie •tiil i):gati,e 

around the mean o[' itidividual Forecasts f'or that 
compan>' in that nionth DISP .ilso was estimated using 
a Ialue-Heiglted nieasine of analyst dispeision toi 
the firmh m our sample. The iesults repoitcd use the 
eqitally u'ciglited veision but similar patterns were 
obt:uned „ ith both COI,htillctlons ' Oin final measure. 
VOI... is the Iinp|ied volati|ity on the S&P500 meier As 
of the beginning of the month. a dividend-adjusted 
Blaek Sclloleb l'ornlti|a l~, ll.ed to eStimate the Iinplied 
volittilti>' mthe S&150(l indei option u>ntr:tct which 
e.\Iitres oii tie thurd I·rida>' of tile montli. The call 
preimum, excicise ptice. and the Ie,el of the %&P500 
inde\ ate t:ike·n ftom the 3141// S/,·ec/ lownal, and 
tt'easur) > [eldb come from the I cderal Resolve 
I)ividend yield comes Iioin DRI The option eontiaet 
thal i; closest to being at the mone> is used 

Ill. Estimates of the Market Premium 

I·\Iiibit 2 repoi·A both reqltll-ed returns and »k 
preima by >eai (a~erages ol monthly data) The 
cstiinalcd Iisk prcml,t ine positive. comdslent utth 
equntyow,ier>deniandmgaddmonal rewardsover and 
Jl,o\'e retiti 11s on debt becurities The a~erage 
c\pectation:il i·isk premium (1982 to !998) in<·i 

toi the i:gie„Idn, rcpurte~1 ii I .hibil 6. the , Jhie 
\,eighted di,pi·ruon Iin.t,ine .Ktu:ilA Mhib,[ed moie 
c•planat.i> Iiouei I ur i,izi c~sium ming the Piai-Wm.ic,i 
in:[hod (.ie 14,#itriotc 71. the Loel|l.ietlt on i)|hP i„i• ili)[ 
.ieii]Iiwnt in 2 ol the 4 c„.e·, 
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Exhibit 2. Bond Market Yields, Equity Required Return, and Equity Risk Premium, 1982-1998 

\'aluegc,iveragef i,l inc,iilhl> tigitres in pt·c:nt l I·, the >le]Jt<) m,ltmlt> l,tl 1(,i}y-tenn gmeinmem h„nds. /, ib th. Ie.ltitied return 

i,il theid.P5(,(}e.tim:Itedd. :t~:iluc#ieighted :nei:ige wng,idtscoumedu~ Ilo,f model Hith.iti,i!>$<.'grnutli !-i,iec:iv, I-Iietlhk 
1)reinililn rp A /lle.i\ernye of:in.,I>·ts' jltt,i, th loici;i.t~ 1. L: /),v t /.A/ 1+ e,peited (il , I€Iend iici ~h:ile di i id:(1 
b> price pei .Ii.tie 

Year Div. Yield g 

1982 6 X9 I 271 

1981 f 24 I 2 6() 

1981 5 55 I 2 02 

|98 5 4 97 Il 45 

l 986 4.()N 1 l ()5 

!9*7 3 (,4 I l ()1 

1988 -1 27 11 j)() 

1()89 195 I I ()8 

1990 4.()3 I I 69 

1(H)1 3 64 I l 99 

1992 4 35 12 1 t 

1992 1 li I l () i 

l 994 3 19 Il 47 

199i .1 04 11 51 

1996 2 60 I I X9 

1997 2 IK I 2 6(} 

1998 l_m Utu 

1 X6 IIK1 

gc),ernment |iotids ib 7.14%. sliglit|>· higher th,ill tile 
6.47% average or 1982 to 1991 reported by l l:itrix,izid 
\larwon ( 1492) |'ol cotnpizri .oii pitrposeq. l'ihibit 1 
colitains hibtoi-ienl Ietiiins and risk premia -111e au·iagc 
expectational tisk premium repoitid iii Ibdnbit 2 i, 
jpproxim:ite·Iy equal to the arithmetic (7 5%) long-tenn 
dll'fcrenti.il bet wecn Ieturmb on wockb tlnll Iollg-kim 
government bonds " 

Iiit.re.tingh lor Ilie I t)X-Z-I ')9(~ pe/iod t|1: .tlltlnu.tll Vpl 4.all 
bcl„een l.nge ,„ilip.rn> .Ioik. atid lotig-tcim goiciinnem 
bond. „.i. oi,I. i 1°„ per >e.i 1*Iie d„u n..ird trend rn mt:re .t 
i.le, re.ti|Ied iii .i,er.iye .itinti,i| reiuiti. oj 14 I"„ ,)11 |l,Ily 
I:lln B<,\ e'Iiment ti~uuK in ei t] i· Iioiw„n .omi (.· g 
tl,b<,twil. Ivt)7) :I'i?lle th,it on[> Ihe lin.olnc (iil,t tot,i|} l:tilln 
on bond. .|ic,u|d |,e .itbti,iitci| ii} Cakttl,ititiy Ii.k piemt.i 

k i rp=k-i 

I 9 62 I 2 7(, (} 86 

17 86 Il IX 6 67 

17 57 12 W 5 IN 

1 ¢, 42 l () 79 i64 

15 13 7 X() 7 14 

I 4 6% h 5X (,()7 

I 5 27 K')6 6 li 

15 (}3 K li 6 58 

15 72 KAI 7] 

15 64 K Id 7 i[) 

15 47 7 67 781 

14 78 (, W) X IX 

14 66 7 17 7 29 

14 55 (,88 ' 67 

14.49 6 7() 7 74 

14 7h b 0() K IT 

14._73 fg t, 17 

15 67 X it 
-' 

14 

I ~hibit 2 ~Iiowdle esltlll:lied 11*k plel„Illtn eh:inge~ 
(}iel tillie. *llggc,[lng C|lange.~ In t|Ie m,tiketb 

pciception oAhe meiciliental Ii~1< ol'itileqlng Iil eqllil> 
i,ithei Iluin debt beclltilie. Seanlilng the |a.t C,)|lililn 
of I.ihibit 2. the i·ifk premium ti highci m the 199(k 
tlian earliei and eqpeci:ilb w in !.*!i 1997 :md 1998 
Our [)CF icsillt; pimide no ci idcnee to hllppot[ the 
notion oi' a declintng i i sk pletllltim lil the 199(1, ah a 
dinei ol the wrong run up m eqinty prices 

,\ stllklng fuatitrc m I·\hihit 2 is the rcl:ttn e w:ibilit> 
of the ehtiniate>, ol /, Aitet dropp!!lg (:1|t)11y ifit|1 
ititerc~t rates) ni the eai-I>~ aiid tiiid-198(}s. the avei-age 
atinuml value ofA has remarned u'ithin a 75 b.tblh point 
nnige aiouncl 15't, Ioi oici a decade. Moiccnci·, tlui 
h[.i|11|It>' ,tl-I+C·. (Ie+illte 40'lie ,;11·i:tluhty rn the 
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Exhibit 3. Average Historical Returns on Bonds, Stocks, Bills, and Inflation in the US, 1926-1998 

Historical Return Realizations Geometric Mean Arithmetic Mean 

< '~111!t 1 n t,ti x k l [ .ti gi· ( 'on lp, in > } it y, I: 2, , 

I j,Iiy-ter,i,(,i,~etnnrnt Ilonil. i.4 i 7 

Ite,mi-\ Ilill' t 8 ~,X 

lilli.itlon R:lte t I 

li'bolwi, \v.OL I.ltex I ic /')9'J Mu 6 /Au„/% /i'dh .m,/ /n/i'itt,im. 1 l)9(J 3 e.uhi,ok 

itnd ei lyi ng d n i (lend > te Id a nd gi ou tli Ci,in~~ijnc th 0! 
A as 1.\Ii bit 2 i Iliislrateq. The i·e~ults suggest tliat k b 
mole stable th:in goiermnent inteiev tales Such 
relati,e ~tal,ilit> of k translate, into paiallel ch:mgei 
in the mai·ket risk premlum [n .i qub>.eciuent section. 
ue ewminc u helher change. in our market ri,k premtwin 
atlmate. appear linked to ititerest rate eonditic,n4 and 
,i number o! pio,Ies toi 11·k 

We e\ploied the senvtn ily ol the t'Cblilth lo (Mr 
screening procec|ui·e· in selci·ling ei,Iiip.ti,ieh 1 he 
reported i·esult. ~cicen init all non-diudetid mi>iny 
+Iockh (in the pi·emiw thai tlse of the I)(.'I model is 
Ill,;pplopnnte Ill hllcll Cil,es rlie tlti idemd ~cieen 

eliminates an i, ei·,ige ol'55 companieq per mnnth lila 
Mi\Cn Iliolltll, ue also scleen ullt Iil'lnh with fu,\Ci Ill:ill 

[|llee it[1:i|»IC forec,!:t~ or il the bta,1(|aril de, 1~ltlon 
arotmd the inean Iorecast e,eeed. 2{)°o When the 
analysis i. i·cpcated u ithoill any ol- the three Lci-een>. 
the a,eragc t'i,k premium o,er the i:tinple period 
itiei·e:i~ed I,> anl> 40 hasi s po mls. froni 7 14°hto 7 54% 
l'he beta ofthc *ample firm: albo :ulb estiti~,)[cd :lild 
tile 0:1],lple .net:ige wav one. .ugge.tlng t|lai the 
.eieenh do nut :> .temmicall> remine Ion ot high-rhk 
tirnn (Si,ecilica||>. uviig Iiri11. nl the fcieened *aizlp|e 
a, ol I)cceinbei 39<)7 (the I,i.t cl,ite 1,~r irliicli ~u~ had 
l I<HP ictiirti ilata). \\'c u>.ed mdin:n> lea>.t ».Iii:ile. 
regiesvunb to e•tliluite beta for eaeli •tock 11%.Ing tile 

i),ioi 6()Iiionih~ ol'clata and ilie CRSI' ieltirti lSI>IrrltN) 
a· th. m:11·1.et inde. -Ihc wlile-ucightecl aieiagie ol the 
tlldn'1(Ilm| I,ct.1* u'.1~ | ()() ) 

Ihe i a tilt< rcpol ted here Ae Iii·1114 in the >,&|' 500.ti 
iepoitcd b> (. ()Nll'LIST.·\1 iii Septcinb·i 199>4 I'lu. 
C(,lt|(| Cre,tlc a *nn nolslliphi,ts. ey,eci:ill> in [Iiee,itltcr 
im,nl|is ol thc .:,mp|e \\'e compared i,iIi Cllrrent Iesll|IN 

to Ihok obt.tined w li .trr . and Mai-ston (1992) loi 
u hich theie U.t. dala to update the S&1'5(H) 
Compobltll)11 r.t·h month For the overlapping pernid. 
J.iliual) I 982-\AJ> I 991. the t,fo procedure. >·ield tile 
+ame a,eiage mit·ket Iiqk prenuum, 6 47" 
wiugestf t h:11 the liu·nh de p.irti Iig from oi enter·my the 
%&1~500 indi'\ do .o l'ur a Ilinnber of Ie:]St)11:, U Ith Ilo 

i|i.cerimble effeet on the m i-ai| eftitli Lited >,&1~5()0 
m.nket rt.k preilltl,In 

IV. Changes in the Market Risk 
Premium Over Time 

\Vithehange< iii the econom> and fi Iianeial mailer,. 
eqll,t> tll,eftillelit.h ma>' be peiceived to ch:inge in nsk. 
i·'oi in~titnce. itt# estoi senlilnent about |tltilre bllhlnesb 
eonditioi™ Iikel> i,It'uctb ,ittlltldes about the n>klness 
ol eqint> in, Atin·nts ci,inp.it-ed tc) InvcNtillctlt, m the 

bond matkets \Ioteo\·r. since bonds nre risk> 
m,e+Inicnts t|ieinsehes. equit) risk picmia (trl.tttie 

lo boiidbl coltld change due to changes iii pct·cened 
ribkiness (jl'l,onds. ceen l|'eqllilleh (|lsl)1:lyed no shifts 
in i t,i 

Ineitiliei \\oik<CO\erillgtl~e lc)K2-1991 peiiod. Il :ii··is 
and N,1:u,·ton (1992) repol-ted regl'C.hloli rc.ttlls 

il}c|ieating tlmt the market pi·clntum decie:ised u it|1 the 
Ie,el c,1 go, ei·nmeni intetesi r .ttee and inure:iqed u ith 
the Virc.Iil betneen eoi porate and gin,ernment bond 
> Ie|d, ( It S PRI· ,\ I) ) -1- li t. li ond > ield ~iii cad u as 
mkipi·etcd d. a time 4ei·ies pro,> l'oi eqint> ri,k Iii 
l|114 p:iprr. ue 1!ltlntillie three 1(|(|ltlnn.tl ei £/,//c' 
Ille.1.~uie. ol rlbk 411„#1 n m 1·\Illl)11 l ( ON. [)riP. .ind 
\'( )1 I-hi three nieasure>.oine roni tlitee indepeiident 
Nel. o| (Iilta and ille wp]}Ijed b> dilll·tent agc'iitN in the 
econ„in> (con.Imi'r.. eciuit> ana|>.t~. .Md iii,e.tor. 
(\ m option .illd >hole price d,ita)) I,~I~ibit 4 i~rmide, 
wli,mol> (Iata on :ill |'Oill ol thehe i·i*k mcit.lti·s 

I·xli[bit 5 rei)Iic .ito, ani! iii)(lato> catlie·i ittialyvs b> 
I [.tl I 1, :md Mal .tan 1 l 992 ) 'i he IeNultq Colll'1! m the 

e,tlhel patterns 1·ol t|lc Cntlle b:ltllple pel'1(,d. P.ll~e| A 
bhou. t|llt 1·i.k pi eml.1 aie ti. gatli e|> ic|.Ited to inti·test 
late, Ihi. ricgatne iel:itivil,Iltp l•, illv, tl-lle toi bol]1 

( )1 h i:l! ie. i,in, uitli |0 ,|· i,1 , .if i,i|,I·. genet.il|> .1~ „„ed 
~eu·re iuwwmhwn \· .· iew|t. ue iwd tle I'r.ti,-\\ in~ten 
mthi,d (nn l.\el, ot \.,ti:ibl.·.) .ti:d .I·,t~ ()1 h reyre..ion~ <ui 
1-Ii.i ililtcrcit.,·. ol i.iri.ible# 411'u l.titb melhod, ueldcd ·,intila, 
reuil[, ,ind [Ik· l.tttc[ Ii.id irnic ,t,ib|i· IOCI|l,lcilt, .Kl~i~~ 
.pci ItiL.ltlt)11.. r•c rtpo/I linli the re *i]Ih Li.mg lit.t ditlereike . 

I i,I, u„ng I),lr[·Iin-H.it,oii ,!,tti,ti„ It Uln I Lgl , „RUI, Iil 
! ,hibit. 5 and (, Li„ nut ,,iceill tile |npoth,··1, o| .tll<.(,Ire|.lted 

illor· 'Icht. .it (jl ™:inliun« |oJ. ~e. John..ttui I984) 
\\e .i|w e~ttni.tieil liu· Iip,1 iliflaeitee im.de| ~~ il|iout ,¤i itit~·riert 
.uitl obt.tlned ~t,ni.tti.~.ilino~t 1(1·Ill,L.Ii t(, l|Il,•.e Ie~ltllted 
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Exhibit 4 . Descriptive Statistics on Ex Ante Risk Measures 
I'mrie·4 are lwised on immthl> ilat.i Ithl'MI \I) i. the bpi·ead bemeen >Ield-n long-tenn co,po,ale and go,ernment bunch ( ()N 
isthecolisuniei confidence index. !)1.hi' nie.I.ulefthcdibi,CI'sioti o! an:tl>'st.' foicc,istsofe,trnings giowth VOI i~the ic,Iatilityon 
the %&1'5()0 imlei mpli:d l,i option. dat.i \':iri.ible~ arc e,pie.*ed iti dec·imal furm. {eg . 12°. 12) 

/4m€/ 4 V'ci / ia/Jh'% m-(' .41(i/j/h/~ l.i'i e./i 
Mean Standard Deviation Minimum Maximum 

1$.SI'It[ AI) l)l?l ()() ;{) ()()7() 0254 

l'ON 95t)·[ 2242 473 
] 

382 

I)lsl> () im [)()7() ()285 ()6X 7 

\ ()I i 59~) () (i97 ()765 60X 5 

j ', tilil I ; #/, i , ta / i /£, i m , . 1 / muh /· (' h , i , L . en 

Mean Standard Deviation Minimum Maximum 

HSI'|<ILAI) (HH)() l (}()11 - {)(64 ()()36 

/X)3() ()5·19 - 23(X) 2170 

1)[si ()()()()2 ()()24 - ()16() {)!54 

()(){)8 4()81 () 992 -1156 

Paiw! C ( (welmum ('(}clfwwnts hi) A~li,iithlx Chunge, 

BSPREAD CON DISP VOL 

It.Sl'Itl .41) 1 (){) 

16'' 

I) INt {j 94 

.l 

"$!gniliant|> (|If terellt Itom /:1„ .!t the Oi Inel 
*Nigtillic,mlh diltelent Ili,m neru .il the OI k·,el 

tl) e | 98()s ®i| 199()A as d!41)1 i>ed iii 1':itiels 13 aid C 
I·oi the enlite 1982 to lc)9X penod. tile 11(1(lition ofihe 
yield hplead Ii>k proiv to tlic rcgi-e»Ii>114 Iouerq tile 
inagnitude of the coefficient on g<nernmcnt bond 
> e Ids. as enii be N cell by cc}In ])[ ring kq u:tl l (,nh ( I j imd 
( 2) o f I~ane I A. l'itrt hermore. the coefficient nl the > ICIll 
>,rrc·ad (() 4XX) i, it>,ell' significatill> povtive [Ilih 
pattern ,tiggest. ilmi a ied uction iii the Iisk d! fjeie n, i .11 
helwecti it~~ estinent tn go~ernineni bondf and in 
corporate bonds is tranfl,ited into .i luuei- equit> 
marke t tisk pte miltlll 

In m.iloi· respects, the results iii I.,Iiul)it 5 p:tiallel 
eirltei findings I he inilrket risk preinium cli,mges ou·t 
time and appe:n>, tii,ersel> related to g,nertimelit 
mtere·t i·ates but is posttn ely iclated tu the bonci yield 
spread. idhlcll I~!*o\Ieh liu the iticlellicntal 11>k (,I 

-16't ()54 l.> M 

()65 09 

l)(,i I K ()27 

t)27 l (%) 

un·estmg in equities as opposed to government bonds 
()ne hliiking Ieiltitte is the large negative coeflictents 
mi g(n Crnment bond yields The Coef|ieients 111(|!etite 
the equity r~k I,Iemiltm declines by (nci 70 basis 

points for .i I ()0 b.,415 point Increase ni government 
inlere,d r .ites ' Ihis invelse ielatiot™hip >,ilggests 

The I \ill|,it 5 iuc||l.lel}[, on , ,,re .Ig[~ihwl,t|> difl-crent 
Iium I () .ugge.!ing that cqtiit)' Iequired return. do respond 
1,) it,Iere.t r:ite eh.rngc. HO„Cncl. tile t.irg,· Iiegat ne 

i„elfktent. impl> onl> mimn .3,!Jtl.lmeitt. ol required return. 
fu Int:r:g r.itc Chdng:. .nl.e the rl.k i,iem,itm de:lrne~ In 
e:nliei uork (ll.irri. and Nlai.ton. 1992.) thi e„effteicm u.i: 
.tgtltiieantl> neg,un . but Il.,t ,r. Iitlge i,i .tbw|il. w|lt: In thin 
earli,·r v. (uk. „ i· [epolt:i! r:wh. ming lh: |'t .il·-1% m>.telt 
e.itm,nt,i: When we tj.e that :Illm,ition tclltli,ipie :ind reile·ute 
the ~e.·oiid tegre-i„n in I-,hibit 5. ihe w,flieicnt ir / i•• - 584 U 

l ' ?h lot th, enltre wtnple peri,i<l I')?<2-1998 
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Exhibit 5. Changes in the Market Equity Risk Premium Over Time 
I he e\Iitl,it report~ regres~icm coefticienb (t-~ alie,) |tegre,+1(}n e%timate·x u,e all ;arial,le, e\pres~ed a. inonthl> ch.Iige~ tu 
correct thi autocorrelatton l-he dependent wnable is the market eqint> t-tsk prenmum fur the %&PNH) index BSI'Ill'AI) n the 
Vpiead betueen } ieldq m Iotig-term corpomte and gowmineni hondi ll~e > ield lo nknurit)' on long-term government I,ond% K 
dem,ted a. , i i,r purpow~ ofthe regrc~wm, varmbles tire Mpre~ed ni dei·imal Iorm. (e g . 12% 12) 

Time Period Intercept i BSPREAD R2 

,\ /9*2-/99# - ()()()2 -860 57 
I - t 49) C M.TJ) 

74() 4XX 59 
1-1 ll) (-Il 17) (2 94 ) 

8 /OWh {)()()5 .887 56 
r-l 62) ( If) 97 , 

- {X)()4 759 i ()8 5 7 
f-124) I.7 42' ( l 99) 

(* 149 { h 84 {) ( U 
(-0 09) i 13 78) 

791 .347 ( 
(001) t-9 85) (I 76) 

Exhibit 6. Changes in the Market Equity Risk Premium Over Time and Selected Measures of Risk 

lh· mhibit teport. tegre» i (,n coellic ient: (t-Mhtes). R egx , $. ion ectimatex ii.e all varia ble. e,\p re™ed a. monthly changes 
Incorrect Itir itiltc,cori·elatlon The dependent wariable ts the market equity risk premium fur the %&P500 tnder BSPREAI) 
ib tlie spreadbetween yiekkon long-term corporate and go,ernment bondi The >ield to matttrlti nn |ong-term goLetnment 
I,(iti{|s iN (|enoted a; i CC)N is the eon:inner confidence indei 1)ISP measure. the (!14pehioi, of aimlyft<' ttweeaqtK Ot 
cai,itngN gwwth \'()1. i< the \ „Ialilit> on the SFP5()() tnder implied b> options (Int.i I or piirpose, ti!' the regre»ion. 
Iariablcsaree\pre.~ed in dectmal furm. (e g. 12% 12) 

Time Period Intercept i BSPREAD CON DISP VOL Adj . Ff 

,\ /c/S'2-/99,4 
(I I -() ()14 (){}i 

Y 97 ) i - R 5(h 

(2) -() fxx)1 () 7 17 () 45 1 -() ()()7 () 6() 
f - t)6) (-It tl) (2 76~ i-2 4X) 

( 1) ( J (X)()2 () 224 () ()2 
l 7')1 ( -' W) 

(41 ()(XX)1 -() 719 () 4 13 4) (*17 () I 85 [) f,2 
I - {)3) (-l l 49) t 2 614 i -2 77) ( < !3) 

/; Ala, /<AMS /*,X Cb UNIX ().42() -0 (X)5 () 178 t) 68 
( ()6) 11121) 12 52) t-2 23) t , 77) 

{(~) ().(XX)1 () (}It t).(}5 
(.53) (2 X9) 

(h Mun -() K-A ] () 326 -0 005 () ;72 () (XX, () (4) 
I ()2) I-ll 52) < I 95) I-212) (:77) (2 66) 
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much gieatei· *taliht> in equi!> required rettitns than 
10 often ai,Umeil I Ot 111%1.mce. Vaiiilard application 
ol the CAPM 9'ggehth a one-to-one change in equit> 
retitr» and gt,Fernment bond >·ieldf 

Igdub it 6 mt rod i,eeq threeadditional p,·oue~ fur i i,k 
a nd e\plore. u hetlier these ; arialile3. either 
indiudiinlly oi colleeti\el>. are correlated with the 
market premium Nitice the ebtimate, i,Ihmplied wlatilit> 
>,tat-t in M.t> P)86, the e\Iiubit chows levllt# It}l I,{)tli 
the enti·c qample pc i iod iuid forlll e pen od (Iuring w'Inell 
we can mttoduce all variables I·-Iitered Iiidiudu,illv 
each of the three L .iri.,13|eq is stgnilic:tnt|>' Iitiked [o 
the Iibk premil!111 \Iltll the coefficient hinine the 
e,pected sign I oi instance. iii regre~ion (1) the 
eoellieient on CON i< - 014. which i. wgnilicantl> 
dilf'erent I'rom iern(t -3 5(4 The Iiegatneeoel'ficietit 
Aignalb that higllei consumer confidence i~ linked to a 
lowet market piemiuin. I-he po~itive coelliciemt~ on 
V()L imd DI SP nidic:ite the equtt>' t·I.k pi·emium 
inci ea,es u ith both market volatil it) and disagreement 
.itnongan:il>vf. The effuct. oflhe three , ,ii-i,tblei appear 
Iargel> unaffected hy adding other iaititble.. 1 oi 
mstanec. m regieq~[on (4) the coefficients on ('()N imd 
DISPbothi·einnln .<igniticarit ai,ci ai·e silni ]:i inmagnititde 
to the ci,el'fieient~ m qingle \ariable Iegre4<IOI,b." 

i·vcn Iti the pi·eience of the neu FINK i .n-iableN. 

hhilut 6 bliows that the market risk piemitim i> affected 
by interest rate conditions. The large negative 
coefficient on uovei·nment bond rates iniplies large 
reductionb in the cqillt> premium A intei·est rates ri~e, 
One I'camre ofour data ma> contribute to the obqen ed 
negat n e re I. ! ionr4u p I,etu eeri the nia i ket rtqk premi um 
and the be| ofinteiegt rates Si,eeilica||>', il'nnalyw, 
are %!ou to ieport lipdate. in thei r grou th 1 lirec.tstb. 
chinge.·. ni the estiinated A uoiI]d not **N full> u ith 
e|i:mge+ m l|i e i iiteie. ! rate e,eii il'the true t t,k plrenmHn 
were ec,ti.,t:tnt 1-o i,cli|i'e<# the unpact ol' '#t ickine~" 
m the nie,iqurement ol' k. we It,rnied "qtiiirtei l> " 
tnea·,ure, ofthe risk preliitum that treat A a· .ni aierage 
(nei t|le (Illartei Si,eciticall>. ue take tile i:lluet,f k :lt 
the end ofa qti.trter and .iititi·,icl Itiun it the :tieragi' 
i:alue (,1'i Ioi the nionthq ending ulien /, I4 Iilcilflil-eli 
I oi- in,tance. to I „rni the risk premiuin fui Maich I ')91<. 

Rr.i|I/cl| .·,111!n Ii·|llrll. .ilc tl,ttl.tl|t [. l,r.t!,Lt (iut (•t %.1[ltpl.· 

i...· (Io>.,| .,tul Uekh. |99,), {)u: .tpprti.,L|i 1. l|:If.rc·nl rn 

tli,it i,i 1„„k .it e,i,eit,itit,ii.il ti.k [,rltlll.1 „hith .'IL tltll~|1 

Inore 4!Jhll # (U 11~~tall.C. \,hen nc c.tim:Itc 1(.!,Ie.%1(m 

u.t|t.IL'rt|. ( I.Int: thi 41'eilt-lunlll,ul .htiu n m terle.hlon ~ t,f 

I ihil,it 6) .rnd ,*ppl> them oul „1 .:impl.· ue „b!.un 
' predil'!ion' of e,peit.t!1{}n.t| ti.t. prcml.i thai .ue 
.lgnlilu,1!Ith Ill(,ie ai:Ul.~tc (ben:i I|1.tll the ()| |.„'|J lilian .I 

no ch:rnfe f(,Iei.hl \\· W•e ,t rt,I|ll~p rcglc~41„ll .1pi,fl~.~L|~ 
/.my d.Ha Ilir<,tigli Ileam!,e r 1941 [„ g,a em·tl-ieient. to pr:dlu 
the Ii.k piemium iii I,tltll.tl~ 1992 UC fcpi·.lt |h, I,IOLclltll, 

nwung torn.nd .i mtinth mil ,!ri,pi,ing t!1• i•ld..I 'ntil)(h „I 
L|.tt.i | nm the t eg, ,·~uin I).[.itk .lre .l~ .Ill.Ilik· t rom th.· .tllthi,p· 
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t hc i,L e]-age \ al oe ofu fur Jan war> . Februa t i. and N 1 :irc h 
i~ wblt-acted Itom the M.nch wluc oI A . i hiw approach 
{isumes that. m March. A :till relleet~ , alite. i}1'g th,it 
Iia,e not been updated from the prior tuo nmnths. 
I-he qua·terl> me,-re ofribk prenuum them Is paited 
uith the aieiage wthies ol the otlleI iariable„ for Ihe 
illtal·tel. i·or inqtance. the \Iareh 1998 "quarterly" risk 
premium wc,uld be pairecl ntth ai·i-aged valueq ol 
BSPRI- ·\[) over the.Iaiitiary thi-ougli M.ilch period. ro 
.notd ovet|appitig (,|,iei# .itioi,4 lor the inilepetident 
1 ai i.ihle>. u e u Ke oiil> e, cr.v tlm-d inoiuh (M aich. June. 
Heptembei. Deeeniliei ) in the gmple. 

As reported in Ii~hihit 7. bensitl\'lt>' analysis liNing 
"quarteil>" ohserk,itionh .uggev. tb:,I ilel:ivq in 
updgitmg ii,a> he te#pon.tble l'or a pt,ition. hut not al|. 
of th· obcet-ved neg,itne rel:itionb~'lip between the 
market preinium and inleievt intes. Ii,i·e\,imple, ~xhen 
quarterl>' obsenatlons are uhed. the coellicient on i in 
regreqqion (2 ) oi l.#htbit 7 i. -.527. u el l below the earlier 
e•,tim,itei |lut .tl|| < Iylltlic,intly negative."' 

As an .kklmonal test. tllo\cmentx m the bond riAk 
pre in ii n (BSPREAD jarc e\ainined. Since BSPR I:A D i< 
ci,tivttiieted directly Ii·c,in bond yield d.ita. it doe, not 
have the potentia] for ieportmg Iagq th:tt may affect 
ana|y,+C giowth t'oteeaq> Regiesston 3 iii hhibit 7 
~hou < BSPRI:A [) 14 neg,ttivelv linked to government 
rate·. aild qgnilicnntly so. ' \\/hile the eqitt> pt'enuum 
need not move in the same pattern 84 the corporate 
Iiond premium. thenega[ive coel'ficient on 13%1'IU{A[) 
wggests that mi eitrhel te%1!Ith are not due solely to 
"stickine«' m measurements olmarket reqinred t-etums 

| he resu|tf in Lihibit 7 htlggew that the in\crfe 
relationship betueen interest rate€ and the mini<et risk 
premium ma> Iiot |,e :t~ pronouneed as ~itggcsted iii 
e,ti·liei e\hibib %tlll. there .ippearq to lie a vgnilicant 
neg.itnc Iink bet\vecn the eqint> rifk piemium and 
goie·nment Mtereg i·ate5 l lie qujrtei·Iy i·eslilt~ iii 
I #hibit 7 uoiild 4[Iggebt illiout a 5() basib point change 
in »k pre iii ium Iiu each H)0 bit: K po m t mo,enient iii 
intel'e,t rjteq 

(), ciall . the ei ' 1 } lfl ' ehtllndtes of the mari . et iisk 
pl emlulli are Klgll I | i ·: mt | y Iiiiked ti , c \ £ 1 ) llc ~lll~ \ le ', 1 ( ~r 
tisk Ntieh a Iitik .liggiebt. t|1.It tlliehtoi·4 Ilioi|if>' l|len· 
teqiltted retitt n~ in te'spc,ir,e to perceiu·d changes in 
the eti, ir~ment ! he filitlitig. provide wme comlorl 
ilia! oin t-i:k pieimuin eqmi:itew ine i·:ipttirilig..it |e:iq 

hcl'.111\I[, .„2,itr.i. Ii,1 the I•)>2-lvht) .t/it ]991)·|9"K 

wl,I,c, „id. ueld. r.·wl!. vmil.n t„ ihmc tcported 
H. :Ii.ink IJ<,h ( *,i,to> I,i, viyge.irng it•e .,t Ilhl•Ri \I) 

|(e{:reN.IM , 111 1 \|111}]I ~' ,:~)~~e.~r. tc, |~,1~e ,Itll„wrIJ,ite~| 

ci wi. tlie Ihnbi,i I\.it .t,n il)U ) .t,iti•t i. t .IL.I. i|le h>i'„tll:.1. 
ol iii' .Ill:owtle|.ttl„n Iio„iuu, in wbpetu>d .iii.ih,i, the 
I)\\ .1.iti.ti. !„r the |Von·9X period i. Collv.wltt „Ith lin 
.ltltl,L<,Itel.ih„il ,i!~d the .Oett'1.len| t,n , i. c~~ci,ti.)|]> the vme 

t ..' 4 J -·< I },). i . icp . i [ t . ed tti I \ Inbti ' 
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Exhibit 7. Regressions Using Alternate Measures of Risk Premia to Analyze Potential Effects of 
Reporting Lags in Analysts' Forecasts 
I lie e~Ilhtt reporp, regreqsion ci,elliciei,t, (/-,aluco Regreq~ion estimate. uwa!| wnzibleberi,re·,.ed a~hangeqm(,nlhl> 
oi qua Ytci l> ) ti) ,(,I i·ec{ for autoior elat ion. BSI'R l .A D if the 4) read between yields un |ong.t erni c orp ot-a [e.tn (! go vernmei l 
biuidk ip 14 the tisl, prenuum on the 4&1'5()0 indef I he yield to matwit> on long-term government bonds ih denoted as 
1 l cir plilpihe, 01 the regression. unabl·~ .ire e,pres,ed iii deinn,tl l'orm. (e g,12% 12) 

Dependent Variable Intercept 

t ! ) 1·,qitity Ri.k Pieinnun (rv) (XX)2 
Nlontlll) ()1».eI 9:ilik,i,$ ( 1 ll) 

bdlne m l able V ) 

(2) kgun> Mi,k I'remunn (,p) - ()(X)2 
*Qumleti>" m),knerlappirg t - 49) 
obrnatioi™ lo account for 
Iap m anal»t iei)(lltmg 

IXX)1 
At (-'orix,r.tie Bond Spie,id (BSI'Rli,\D} (-i 9{)) 

.Monthk Ob,er\.itioni 

in part. undeil>'ing changes in the economic 
en,ti-onment. A'1(,reovei. each of the Iisk nieasures 
appe:ih to cotit.un relevant information lot nivestors 
The inai'Act i·isk pi'emium is negatively related to the 
level ol-consiunci confidence and positively linked to 
interest rate si)reads betweeti eotpoltte lind 
government debt. disagreenient among an.tlysts in their 
foi·ec:is t. i,I'eai·n mgsyrowlh. and the mph ed ;olitility 
of equit> returns as reiealed in options data 

V. Conclusions 

Shareholder required iates ot-return and i isA preinia 
~houlil be b:ised on theorie. about iii :e.toih' 
e\peetatiot,4 f'ot the Iutitre. In practice. hou,eiet. l·lhk 
pt-eima ni·e t>pic.illy estiniated using averages of 
historical returns. Th» paper applies ati :tllernate 
approach to esmnating tisk pieml,1 t|ntt cmp|o» 
ptl|1|ICI>' ji , ,il|:~Ille e\peel,~tion,7| d:,t:i. '| he resllitant 
:1~ enlge nunkel eliult> 1.isk pi-ci~ititin over goun-ninetit 
bondb IS ll)1~li,ai·able rn magllitude to long-tenn 

d i ffei ences ( I 926 to 1998 ) in h i htorl ca I rcl ul nb lletu eet; 
vockq and bonlls As a result. oul e, idence doe~ not 
i-c,ohe the equity premlum pitalc. 1-nlher. the restills 
<iggesl mr estor, vill e\pect to receive large spreads 
10 tnfe.t in Cqlnt> iel·bus debt Ilistrltlnenth 

I here Ih ~tlollg ei !(Ienee. houe,el. tll:it the market 
ri,k prcmiuin changes o\er time. Aloreou:r. these 
changes apl,ear linked to the le,el of nitcrest rates af 
uellase . ~ £ 1 # l tl ' pro .\ Ie >, for risk ili · au n Itoin niteieit late 
.pread. m the bond market. COnsllmei confidence m 
ftiturc ecoiioinic conditions. disagreement ainong 
|ill ,!lletal alla|>:t< Ill their foreeastb and the \ t)|atlhty 

i BSPREAD Adj . Ff 

749 ·18X 59 
I-ll.17) (2 94) 

-527 550 60 
(-6 IX} i 2 20) 

247 W 
l -Il.29 j 

o f equity returns implied by options data. Tlic significant 
econoimc hnks between the market pi·enuuin and a wide 
ai·ra>' of risk #ariable, suggests that the notion of a 
constam risk preinium over time is not an adequate 
c xplan:ttion oi pr K ing in eq unity vet·sti s debt matkets. 

Thebe iesll|ts have ttllp|icatlons t *,t practice. First. 
al least on average. t|le estimateb sllggest a market 
premium roughly comparable lo long-tenn historical 
spreads in returns between clocks anll bonds. Out· 
co n.iect ui-e is thu l. ifanyt huing. the evii notes are w the 
high side and thus establish an upper bound on ll,e 
market premium Second. the results suggest that use 
of a coti.iant risk premium -Il not full) capture 
changes iii Iinestor return requirements ,\s a specific 
e\ample. our findmgs indicate that eonunon application 
oi modelc .itcli a) the CAPM will oveistute ellanues 
iii qhareholdei ietiirn reqiiil·cinems when goiernmcnt 
interest rati·5 change Rather than a one-1'oi-one 
change witll tntercht Iatcs Iinp|led by IlSe· (}I L()11Kt:tnt 

i·isk premium. the ie·Ml|ts indicate lh,It eqillt> teqillied 

ietiii-ns foi average itsk stock. likely clmnge by h.ilf 
(oi less) ol the change in ititetest rates. Ilowcier, the 
pictil!· ihconsidet·al)1>' moi·e complicated asshoun by 
the hnkages between the »k plelnium and other 
attlibilt ics of iisk 

l J l t t inale l y. oin i e feai c li ci oes not t eso l v e t he at 1) N'ef 
to the qtiestton -~What '4 the right mmket risk 
pl/111Il!111 ,).. Perhaps mole importaintl>,our uork 
*liggests that the ansuer is conditional on a number 
OI' fealltli·b nl l'ie· eeonoin> not .in,ibbolttte. We hope 
l | lat l ' utule research will harnesq n tc diitn to provide 
addmonal guidance to best practice ill EAillg a market 
preminm lu impioie Iili.tnclal decisions I 
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Cost of Capital Estimation 

The Risk Premium Approach to Measuring 
a Utility's Cost of Equity 
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• In the mid-1960s, Myron Gordon and others began 
applying the theory of finance to help estimate utilities' 
costs of capital. Previously, the standard approach in 
cost of equity studies was the "comparable earnings 
method," which involved selecting a sample of unreg-
ulated companies whose investment risk was judged to 
be comparable to that of the utility in question, calcu-
lating the average return on book equity (ROE) of 
these sample companies, and setting the utility's ser-
vice rates at a level that would permit the utility to 
achieve the same ROE as comparable companies. This 
procedure has now been thoroughly discredited (see 
Robichek [ 15]), and it has been replaced by three mar-
ket-oriented (as opposed to accounting-oriented) ap-
proaches: (i) the DCF method, (ii) the bond-yield-plus-
risk-premium method, and (iii) the CAPM, which is a 
specific version of the generalized bond-yield-plus-
risk-premium approach. 

Our purpose in this paper is to discuss the risk-
premium approach, including the market risk premium 
that is used in the CAPM. First, we critique the various 
procedures that have been used in the past to estimate 
risk premiums. Second, we present some data on esti-

mated risk premiums since 1965. Third, we examine 
the relationship between equity risk premiums and the 
level of interest rates, because it is important, for pur-
poses of estimating the cost of capital, to know just 
how stable the relationship between risk premiums and 
interest rates is over time. If stability exists, then one 
can estimate the cost of equity at any point in time as a 
function of interest rates as reported in The Wall Street 
Journal . the Federal Reserve Bulletin . or some similar 
source.' Fourth, while we do not discuss the CAPM 
directly, our analysis does have some important impli-
cations for selecting a market risk premium for use in 
that model. Our focus ts on utilities, but the method-
ology is applicable to the estimation of the cost of 

'For example. the Federal Energy Regulatory Commission's Staff re-
cently proposed that a risk premium be estimated every two years and 
that. between estimation dates, the last-determined risk premium be 
added to the current yield on ten-year Treasury bonds to obtain an 
estimate of the cost of equity to an average utility (Docket RM 80-36) 
Subsequently, the FCC made a similar proposal ("Notice of Proposed 
Rulemaking," August 13, 1984. Docket No 84-800) Obviously. the 
validtty of such procedures depends on (i) the accuracy of the risk 
premium estimate and (ll) the stabihty of the relationship between tlsk 
premiums and Interest rates. Both proposals ate still under review. 
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equity for any publicly traded firm, and also for non-
traded firms for which an appropriate risk class can be 
assessed, including divisions of publicly traded corpo-
rations. -

Alternative Procedures for Estimating 
Risk Premiums 

In a review of both rate cases and the academic 
literature, we have identified three basic methods for 
estimating equity risk premiums : ( i ) the ex post , or 
historic, yield spread method: (ii) the survey method; 
and ( iii ) an ex ante yield spread method based on DCF 
analysis. 3 In this section, we briefly review these three 
methods. 

Historic Risk Premiums 
A number o f researchers. most notably Ibbotson and 

Sinquefield I 12]. have calculated historic holding pen-
od returns on different securities and then estimated 
risk premiums as follows: 

Historic 
Risk = 
Premium 

( Average of the ~ ( Average of the \ 
annual returns on annual returns on 
a stock index for - a bond index for (1) 

a particular the sarne 
1 past period ) 1 past period ) 

[bbotson and Sinquefield (I&S) calculated both anth-
metic and geometric average returns. but most of their 
risk-premium discussion was in terms of the geometric 
averages. Also. they used both corporate and Treasury 
bond indices, as well as a T-bill index. and they ana-
lyzed all possible holding periods since I 926. The I&S 
study has been employed in numerous rate cases in two 
ways: (i) directly, where the I&S historic risk premium 
is added to a company's bond yield to obtain an esti-

l'he FCC is particularly interested In nsk-premium methodologies. 
because {t) only eighteen oi the I.400 telephone companies it regulates 
have publ~cly-traded stock. and hence offer the possibility of DCF 
analysis. and (ti) mmt of the publicly-traded telephone companies have 
both regulated and unregulated assets. so a corpc,rate DCF cost might 
not be applicable to the regulated units of the companies. 

'ln rate cases. some witnesses also have calculated the differential 
between the yield to maturity (YTM) of a company's bonds and its 
concurrent ROE. and then called this differential a nsk premium In 
general. thus procedure is unsound. because the YTM on a bond is a 
tumre expec·ted return on the bond's marke, value, while the ROE is the 
past realized return on the stock's book l'alue. Thu5. comparing YTMs 
and ROEs ts like comparing apples and oranges 
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mate of its cost of equity. and (ii) indirectly. where 
1&S data are used to estimate the market risk premium 
in CAPM studies. 

There are both conceptual and measurement prob-
Iems with using 1&S data for purposes of estimating 
the cost of capital. Conceptually, there is no compel-
ling reason to think that investors expect the same 
relative returns that were earned in the past. Indeed, 
evidence presented in the following sections indicatei 
that relative expected returns should. and do, varv 
significantly over time. Empirically. the measured his-
torie premium is sensitive both to the choice of estima-
tion horizon and to the end points. These choices are 
essentially arbitrary. yet they can result in significant 
differences in the final outcome. These measurement 
problems are common to most forecasts based on time 
series data. 

The Survey Approach 
One obvious way to estimate equity risk premiums 

is to poll investors, Charles Benore [ 1 ], the senior 
utility analyst for Paine Webber Mitchell Hutchins. a 
leading institutional brokerage house, conducts such a 
survey of major institutional investors annually. His 
1983 results are reported in Exhibit 1. 

Exhibit 1. Reqults of Risk Premium Survey. 1983* 

Asfuming a double A, long-term utility bond currently yields 12'/A. 
the common ~tock for the same company would be fairly priced relative 
to the bond if itq expected return was as follows. 

Indicated Risk Premium Percent of 
Total Return (basis points) Respondents 

over 20 % % over 8001 
20%% 800 > 
19 V2% 700J 
18'/Af 600 I oFe 
17'/3% 500 8% 
16'/2% 400 29% 
15'/.% 300 35% 
144% 200 16% 
134% IOO 0% 

under 1 3 %% under 100 '% 
Weighted 

average 358 I 00% 
= 

*Benore's questionnaire included the first two columns. while his thin 
column provided a space for the respondents to indicate which rtsl 
premium they thought applied. We summarized Benore's responses I, 
the frequency distribution given in Column 3 Also, in his questionnam 
each year, Benore adjusts the double A bond yield and the total return 
(Column I) to reflect current market conditions Both the qucstioi 
above and the responses to it were taken from the survey conducted 11 
April 1983 
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Benore's results, as measured by the average risk 
premiums, have varied over the years as follows: 

Average RP 
Year (basis points) 
]978 491 
1979 475 
1980 423 
1981 349 
1982 275 
1983 358 

The survey approach is conceptually sound in that 11 
attempts to measure investors' expectations regarding 
risk premiums, and the Benore data also seem to be 
carefully collected and processed. Therefore, the Ben-
ore studies do provide one useful basis for estimating 
risk premiums. However, as with most survey results, 
the possibility of biased responses and/or biased sam-
Ming always ex]sts. For example. if the responding 
institutions are owners of utility stocks (and many of 
them are), and if the respondents think that the survey 
results might be used in a rate case, then they might 
bias upward their responses to help utilities obtain 
higher authorized returns. Also, Benore surveys large 
institutional investors, whereas a high percentage of 
utility stocks are owned by individuals rather than in-
stitutions, so there is a question as to whether his 
reported risk premiums are really based on the expecta-
tions of the "representative" investor. Finally. from a 
pragmatic standpoint, there is a question as to how to 
use the Benore data for utilities that are not rated AA. 
The Benore premiums can be applied as an add-on to 
the own-company bond yields of any given utility only 
if it can be assumed that the premiums are constant 
across bond rating classes . A priori , there is no reason 
to believe that the premiums will be constant. 

DCF-Based Ex Ante Risk Premiums 
In a number of studies. the DCF model has been 

used to estimate the ex ante market risk premium , 
RPM·Here. one estimates the average expected future 
return on equity for a group of stocks, kM, and then 
subtracts the concurrent risk-free rate, Rr as proxied 
by the yield to maturity on either corporate or Treasury 
securities:4 

RPM = kM - Rr. (2) 

Conceptually, this procedure is exactly like the 1&S 
approach except that one makes direct estimates of 
future expected returns on stocks and bonds rather than 
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assuming that investors expect future returns to mirror 
pastreturns. 

The most difficult task, of course, is to obtain a valid 
estimate of kM• the expected rate of return on the mar-
ket. Several studies have attempted to estimate DCF 
risk premiums for the utility industry and for other 
stock market indices. Two of these are summarized 
next. 

Vandell and Kester. In a recently published 
monograph , Vandell and Kester I 18 ] estimated ex ante 
risk premiums for the period from 1944 to 1978 RF 
was measured both by the yield on 90-day T-bills and 
by the yield on the Standard and Poor's AA Utility 
Bond Index. They measured kM as the average expect-
ed return on the S&P's 500 Index, with the expected 
return on individual securities estimated as follows: 

Di (3) 

where, 

D~ = dividend per share expected over the next 
twelve months, 

1% = current stock price. 
g = estimated long-term constant growth rate, 

and 
i = the ith stock. 

To estimate g„ Vande] l and Kester developed fifteen 
forecasting models based on both exponential smooth-
ing and trend-line forecasts of earnings and dividends. 
and they used historic data over several estimating 
horizons Vandell and Kester themselves acknowledge 
that. like the Ibbotson-Sinquefield premiums, their 
analysis is subject to potential errors associated with 
trying to estimate expected future growth purely from 
past data. We shall have more to say about this point 
later. 

'ln this analysis. mobt people have used yields on long-tenn bondb 
rather than short -term money market Instruments It ts recognized that 
Iong-term bonds. even Treasury bonds. are not rifk free. so an RPM 
based on these debt instruments ls smaller than it would be if there were 
some better proxy to the long-term rtskless rate. People have attempted 
to ur,e the T-bill rate for RF· but the T-bill rate embodies a different 
average inflation premium than stocks. and it ts subject to random 
fluctuations caused by monetar·y policy. tntemat,onal currency flows. 
and other factors. Thus, many people believe that for cost of capital 
purposes, RF should be based on long·tenn secunties. 

We did test to see how debt maturities would affect our calculated risk 
premiums. if a short-term rate such as the 30-day T-bill rate is used. 
measured risk premiums jump around widely and, so far as we could 
tell. randomly. The choice of a maturity m the 10- to 30-year range has 
little effect. as the yield curve is generally fairly flat in that range 
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Malkiel. Malkiel [14]estimated equity risk premi-
ums for the Dow Jones Industrials using the DCF mod-
el. Recognizing that the constant dividend growth as-
sumption may not be valid, Malkiel used a nonconstant 
version of the DCF model. Also, rather than rely ex-
clusively on historic data, he based his growth rates on 
Value Line's five-year earnings growth forecasts plus 
the assumption that each company' s growth rate 
would. after an initial five-year period, move toward a 
long-run real national growth rate of four percent. He 
also used ten-year maturity government bonds as a 
proxy for the riskless rate. Malkie] reported that he 
tested the sensitivity of his results against a number of 
different types of growth rates, but, in his words, "The 
results are remarkably robust, and the estimated risk 
premiums are all very similar." Malkiel's is, to the best 
of our knowledge, the first risk-premium study that 
uses analysts' forecasts. A discussion of analysts' fore-
casts follows. 

Security Analysts' Growth Forecasts 
Ex ante DCF risk premium estimates can be based 

either on expected growth rates developed from time 
series data, such as Vandell and Kester used, or on 
analysts' forecasts. such as Malkiel used. Although 
there is nothing inherently wrong with time series-
based growth rates, an increasing body of evidence 
suggests that primary reliance should be placed on 
analysts' growth rates. First, we note that the observed 
market price of a stock reflects the consensus view of 
investors regarding its future growth. Second, we 
know that most large brokerage houses, the larger tn-
stitutional investors, and many investment advisory 
organizations employ security analysts who forecast 
future EPS and DPS, and, to the extent that investors 
rely on analysts' forecasts, the consensus of analysts' 
forecasts is embodied in market prices. Third, there 
have been literally dozens of academic research papers 
dealing with the accuracy of analysts' forecasts, as 
well as with the extent to which investors actually use 
them. For example, Cragg and Malkiel [7] and Brown 
and Rozeff {5] determined that security analysts' fore-
casts are more relevant in valuing common stocks and 
estimating the cost of capital than are forecasts based 
solely on historic time series. Stanley, Lewellen, and 
Schlarbaum [16] and Linke [13] investigated the im-
portance of analysts' forecasts and recommendations 
to the investment decisions of individual and institu-
tional investors. Both studies indicate that investors 
rely heavily on analysts' reports and incorporate ana-
lysts' forecast information in the formation of their 
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expectations about stock returns. A representative list-
ing of other work supporting the use of analysts' fore-
casts is included in the References section. Thus. evi-
dence in the current literature indicates that (1) 
analysts' forecasts are superior to forecasts based sole-
ly on time series data, and (ii) investors do rely on 
analysts' forecasts. Accordingly. we based our cost of 
equity, and hence risk premium estimates. on analysts 
forecast data.5 

Risk Premium Estimates 
For purposes of estimating the cost of capital using 

the risk premium approach, it is necessary either that 
the risk premiums be time-invariant or that there exists 
a predictable relationship between risk premiums and 
interest rates. If the premiums are constant over time, 
then the constant premium could be added to the pre-
vailing interest rate. Alternatively. if there exists a 
stable relationship between risk premiums and interest 
rates, it could be used to predict the risk premium from 
the prevailing interest rate 

To test for stability, we obviously need to calculate 
risk premiums over a fairly long period of time. Prior 
to 1980, the only consistent set of data we could find 
came from Value Line, and, because of the work in-
volved, we could develop risk premiums only once a 
year (on January 1). Beginning in 1980, however, we 
began collecting and analyzing Value Line data on a 
monthly basis, and in 1981 we added monthly esti-
mates from Merrill Lynch and Salomon Brothers to our 
data base. Finally, in mid-1983, we expanded our 
analysis to include the IBES data. 

Annual Data and Results, 1966-1984 
Over the period 1966-1984, we used Value Line 

data to estimate risk premiums both for the electric 
utility industry and for industrial companies, using the 
companies included in the Dow Jones Industrial and 
Utility averages as representative of the two groups. 
Value Line makes a five-year growth rate forecast, but 
it also gives data from which one can develop a longer-
term forecast. Since DCF theory calls for a truly long-
term (infinite horizon) growth rate, we concluded that 
it was better to develop and use such a forecast than to 

'Recently· a new type of service that summarizes the key data from most 
analysts' reports has become available. We are aware of two sources of 
such services. the Lynch. Jones. and Ryan's Institutional Brokers Est,-
mate System (IBES) and Zack's Icarus Investment Service. IBES and 
the lcarus Service gather data from both buy-side and sell-side analysts 
and provide it to subscribers on a monthly basis in both a pnnted and a 
computer-readable fonnat. 
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Exhibit 2. Estimated Annual Risk Premiums, Nonconstant (Value Line) Model, 
1966-1984 

Januarh' l 
i,f the Dow Jones Electrics Year 

Reported kA,g RF RP 

(1) (2) (3) 
1966 8 Ilg 4.50% 3 61% 
1967 9.00% 4 764 4 249 
1968 9 68% 5 59% 4 099 
1969 9 34% 5.88% 3.469 
1970 I l.04% 6.91% 4 I 3% 
197I I 0 8()% 6.289 4.52% 
1972 10 53q 6.00% 4.539 
!973 I I.37% 5 96% 5 4!% 
1974 I 3 85% 7 299 6 56% 
1975 16.63% 7.91% 8 7290 
1976 I 3 97 Q 8 . 239 } 5 149r 
1977 12 96% 7.30% 5 66% 
1978 13 429 7.87G 5 55% 
1979 14 929 8 99% 5.93% 
1980 I 6 399 10 189 6.219 
1981 17 61% 11 99% 5 62% 
1982 17.7()% 14.00% 3 70% 
1983 16.30% I 0.66% 5 64q 
1984 16 03 %· l l 97% 4.069 

use the five-year prediction.6 Therefore, we obtained 
data as of January I from Value Line for each of the 
Dow Jones companies and then solved for k, the ex-
pected rate of return, in the following equation: 

n i DnC 1 + gn) Il 1 \n P° ~ I D, + 1 1-: (4) 
t=1(1 + k)' 1 k - gn ~ 1 + k~ 

Equation (4) is the standard nonconstant growth DCF 
model; Po is the current stock price; Dt represents the 
forecasted dividends during the nonconstant growth 
period; n is the years of nonconstant growth; Dn is the 
first constant growth dividend: and gn is the constant, 
long-run growth rate after year n. Value Line provides 
Dt values for t=1 and t=4, and we interpolated to 
obtain IX and Dv Value Line also gives estimates for 

'Th/s /s a debatable point. Cragg and Malkiel. as well as many practic-
mg analysts. feel that most investors actually focus on five-year tore-
casts. Others, however, argue that five-year forecasts are too heavily 
Influenced by base-year conditions and/or other nonpennanent condi-
lions for use in the DCF model We note (i) that most published fore-
:asts do indeed cover five years, (il) that such forecasts are typically 
'normalized" in some fashion to alleviate the base-year problem, and 
Iii) that for relatively stable companies like those in the Dow Jones 

Averages. it generally does not matter greatly if one uses a normalized 
five-year or a longer-term forecast, because these companies meet the 
Jonditions of the constant-growth DCF model rather well 

Dou Jone~ Induqrial4 
AA.F Rr RP O)-(6) 

(4) (5) (6) (7) 
9.569 4 509 5.069 0.71 

ll.57% 4 769 68194 () 62 
10 569* 5.59% 4.9791 () 82 
IO.9694 5 889 5.()894 0 68 
I 2 22G 6.9 lrk 5.319 0.7K 
I 1.23% 6.289 4.959 0 91 
I 1 .09% 6.0()% 5.()99 0 89 
11 47% 5 96% 5.519 () 98 
12 389 7 29% 5 097 1.29 
14.839 7.919 6.92% I 26 
13 . 329 8 . 239 5 09 < A I 13 
13 6392 7.30% 6 33% () 89 
14 759 7.879 6.88% 0 XI 
15.50% 8 99% 6 5IQ 0 91 
16 539 10. I 8% 6.359 0.98 
17.37q I 1 991 5.38% 1.()4 
19 30% 14 00% 5.309 0.7() 
16.53G IO 669 5 879 0 96 
15 72% It 979 3.75% I.08 

ROE and for the retention rate (b) in the terminal year, 
n, so we can forecast the long-term growth rate as gn = 
b(ROE). With all the values in Equation (4) specified 
except k. we can solve for k. which is the DCF rate of 
return that would result if the Value Line forecasts 
were met, and, hence, the DCF rate of return implied 
in the Value Line forecast.7 

Having estimated a k value for each of the electric 
and Industrial companies, we averaged them (using 
market-value weights) to obtain a k value for each 
group. after which we subtracted RF (taken as the De-
cember 31 yield on twenty-year constant maturity 
Treasury bonds) to obtain the estimated risk premiums 
shown in Exhibit 2. The premiums for the electrics are 
plotted in Exhibit 3, along with interest rates. The 
following points are worthy of note: 

L Risk premiums fluctuate over time. As we shall see 
tri the next section, fluctuations are even wider 
when measured on a monthly basis. 

2. The last column of Exhibit 2 shows that risk premi-

~Value Line actually makes an explicit price forecast for each stock, and 
one could use this pnce, along with the forecasted dividends, to develop 
an expected rate of return However. Value Line's forecasted stock 
price builds in a forecasted change in k Therefore, the forecasted price 
is inappropriate for use in estimating current values of k. 
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Exhibit 3. Equity Risk Premiums for Electric Utilities and Yields on 20-Year Government Bonds, 1970-1984* 
Risk Premiums 

and Interest Rates 
% 

10.0 -

5.0 -

: 1970-1984 F 

\ 

Yield on 20-year 
Government bond, | / 

RF ~ / f" 
\ 
1 

\ 
\ 

\' 
, 

Electric Risk Premium. RP 

A 

RP = 6.40%-0.11R 
(0.14) 

r2. 0.04 

.l 

l \/ \ 
- RP 

2 r 

lil 
1970 1971 1972 1973 

= 0.96% + 0.65R 
(0.40) 

= 0.25 

1974 1975 

F: 1970-1979 

1 It 
1976 1977 1978 1979 1980 

RP = 

r2 = 

1981 

V 

12.49%- 0.63R : 1980-1984 F 
(0.22) 

0.74 

111 
1982 1983 1984 

*Standard errors ot the coefficients are ~hown in parenthe~es below the coefficlenh 

ums for the utilities increased relative to those for 
the industrials from the mid- 1960s to the mid-
1970s. Subsequently, the perceived riskiness of the 
two groups has, on average, been about the same. 

3. Exhibit 3 shows that, from 1970 through 1979, 
utility risk premiums tended to have a positive asso-
ciation with interest rates: when interest rates rose, 
so did risk premiums, and vice versa. However, 
beginning in 1980, an inverse relationship ap-
peared: rising interest rates led to declining risk 
premiums. We shall discuss this situation further in 
the next section. 

Monthly Data and Results, 1980-1984 
In early 1980, we began calculating risk premiums 

on a monthly basis. At that time, our only source of 
analysts' forecasts was Value Line, but beginning in 
1981 we also obtained Merrill Lynch and Salomon 
Brothers' data, and then, in mid-1983, we obtained 

IBES data. Because our focus was on utilities. we 
rebtricted our monthly analysis to that group. 

Our 1980- I 984 monthly risk premium data, along 
with Treasury bond yields, are shown in Exhibits 4 and 
5 and plotted in Exhibits 6,7, and 8. Here are some 
comments on these Exhibits: 

1. Risk premiums, like interest rates and stock prices. 
are volatile. Our data indicate that it would not be 
appropriate to estimate the cost of equity by adding 
the current cost of debt to a risk premium that had 
been estimated in the past. Current risk premiums 
should be matched with current interest rates. 

2. Exhibit 6 confirms the 1980-1984 section of Ex-
hibit 3 in that it shows a strong inverse relationship 
between interest rates and risk premiums; we shall 
discuss shortly why this relationship holds. 

3. Exhibit 7 shows that while rlsk premiums based on 
Value Line, Merrill Lynch, and Salomon Brothers 
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Exhibit 4. Estimated Monthly Risk Premiumh for Electric Utilities Gtng Analyxts' Growth Forecaht,. January 
I980-June 1984 

N)·Year 2(!-N'eai 
1-i-e.i~ur> Tieaior> 

Bc,tid Bi,nil 
Yield. 

) 
KId 

Ci,n Vanl Cl,n'.t,mt 
Beginning Value Merrill Salomon Average Maturit) Beginntng Value Mertill Salomon A#eldye Maturlt> 
ut Month [-ine Lynch Brothen Pretmunh Serie. i,1 Month Ellie 1.> nch Brother· [>iemtuni berie. 

Jan 198() 6.219 NA NA 6 219 10 lA<k 
Feb 1980 5 11 (* NA NA 5 . 77 < k 10 869 

i Mar 198 () 41 ) rk NA NA 4 139 l 2 594 
Apr 1980 5.029< NA NA 5 ()29 12 71'4 
Ma >· 198 () 4 . 739 NA NA 4 . 1 jcA I 1 () 44 
Jun I 98() 5.09% NA NA 5 ()9% 10.374 
Jul I 98() 5.41'* NA NA 5 419f 9 X69 
Aug 1980 5 724 NA NA 5 72 4 10 299; 
Sep 198() 5.169 NA NA 5. l 69; l I 419; 
Oct 1980 5 629 NA NA 5 (, 1 ( k l I 754 
Nor I 980 5 09(k NA NA 5 ()9'4 l 2 .Rlc,; 
Dec I 980 5.65% NA NA 5.65'k l 2 374 

Annual Avg 5.35'k 5 35g I I 31 g 
Jan 1981 5 629 4 . 76 % 5 . 639 5 . 34 ' 4 I l 999 
Feb 1981 4 82% 4 879 5 169 4 959; I 2 48'4 
Mar 1981 4 . 70 % 3 . 739 4 979 ; A 419 I 3 1 () q 
Apr 198 I 4.24'+ 3.239 4 529 4 (*)q 13 Il fi 
May 198 l 3 549E 3 24% 4 249 3.679 13 519 
Jun ]981 3.579 4.049 4.279 3.96 Q 13.394 
Jul 19HI 3.614 3.639 4 169¢ 3 8()9 I 3.324 
Aug 1981 3. l 74 3.059 3.044 3 (194 I 4 2 B q 
Sep 1981 2 Ilq 2.249 2.359 2 239 '4 999 
Oct 1981 2 839 2 649 3 249 2.9()g !4 93'4 
Ncn I 98 l 2 0806 2 499 3 039 2 539 I 5 27% 

' Dec 198! 3 729 3 459 4.249 3 8(>9 I 3 I 29 

Annual Ave 3.674 3 459 4 074 3 739 I 3 624 

Jan 1982 3.70% 3.379 4 04'k 3 70% 14 (*)(k 
Feb 1982 3 05% 3 37q 3 7()9; 3 37% 14 374 
Mal I 98] 3 I 59 3 2Kq 3 75g 3 399; I 3 964 

Apr 1982 3 49 ( k 3 61 q 4 29q 3 809 I 3 694 
MJ> 1982 3 (}89 4 25(4 3919 3.759 I 3.474 
J lit) 1982 .3. I 6'k 4.5 IN 4.724 4 139; 1 7 53'7 
Jul 1982 3 57'4 4 214 4 21 (4 3 66'4 I 4 484 
Auy 1982 4 33(4 4 83€k 5 27% 4 HIQ l 3.694 
Sep 1982 4 089 5 14'4 5.584 4 934 I 2 4(Fk 
() Cl 1982 5 * A 5 244 6 34 '* 5 649 l l 959 
No~ 1982 5 679; 5 959 6 919 6 l KN 10 979 
Dec ! 982 6 31 ' k 6 . 71 ' 4 1 . 45 ' A 6 829 lo 5 ] q 

Annila | Aig 4 .( X ) 9 4 . 549 5 () I g 4 529 I 3 .() 994 

Jan 1983 5.64q 6 04 q 6 Klq 6.169 It).66% 
Feb 1983 4,689 5.999 6. 1 01 5 59% 11.()lq 
M,it l 983 4 99% 6 89' 6 43g 6. log I{).714 
Apr 1983 4,754 5 X2'4 6 319, 5.6.3g IO.849 
\1 a>· 1983 4 5()Q 6 419 6 249 5.729 IO.579 
Jun 1983 4 29% 5 21 9 6 I 6q 5 22'k l 0 9(lq 
Jul I 983 4 . 1KQ 5 729 6 . 42q 5 649 I I . l 2Q 
Aug 1983 3 899 4 . 149 5 4 Iq 4 689 I 1 789 
Sep I 98.3 4.()74 4 9()q 5.57'% 4 85(k 11.7!q 
()Ct 1983 3 794 4.64 q 5 389 4 6()q I l 649; 
Nm 1983 2. 844 3 779; 4 469 3.699 1 I 9()9 
l)ec 1983 3.3692 4 27% 5 ()09} 4.21 q 1 I 83% 

-

Annual A~g 4 3 ( Fk 5 31 < h 5 069 5 17 % I I . 22q 

Jan 1984 4 ()69; 5.04'4 5 659 4 929 I l 979 
Ieb 1984 4 259 5 37% 5.96% 5 19G ll.769 
M.ir 1984 4.73'4 6.059} 6 389 5 72% 12.12% 
Apr 1984 4 78'4 5.33% 6 329 5.489 12 519 
Ma > I 984 4 364 5 3 ( ) ck 6 424 5 36 £ 4 12 789 
Jun 1984 3 549 4 . ( X ) q 5 63g 4 . 399 13 . 609 

Exhibit 5. Monthly Risk Premiums Based on IBES Data 
Aberage ol Average t,1 

Merrill Lynch. Merrill t.>'nch. 
Salomon Sal(,mon 

Brother·~. and Brothcn. ,ind 
Value Line IBES IBES Premiuni4 Value tj ne ]BES IBES Premiun,4 

Beginning Premiums Prem,um% for Entire Beginning Premiuna Pre n ilu Ii,$ lor Entte 
ol lor Dow Jones for Dow Jonei Electric' oi I<ir [)i,u Joneh Ior Dow Ji,nei Electric 

M()nth Electric~ Electrics Induvr> Mmth Eleetric~ Electr,c< Induqn 

Aug 1983 4 68'* 4 loG 4.169 Feb 1984 5 19g 5.0()4 4 364 
Sep 1983 4 859 4 43% 4 279 Mill 1984 5 724 5 359 4 45 4 
()Ct 1983 4 609 4.315* 3.90% Apr 1984 5.4894 5 339, 4.239 
Nov 1983 3.69% 3.36% 3.36% May 1984 5.369 5.26<i 4 309 
Dec 1983 4 21 Q 3 . 86 % 3 549 Jun 1984 4 39 % 4 41 ck 3 .*)' 4 
Jan 1984 4.92Q 4 68% 4.!89 Average 

Premiums 4 83% 4 56% 4.Oltk 
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Exhibit 6. Utility Risk Premiums and Interest Rates, 1980-1984 
% 

15-

-

V ~~20-year T-bond yields ~~~00~/ 
r-1 

Utility risk premiums / 

Jt/l 
ASON 

Note: The standard error of the ~ 
coefficient is shown in RP =12 53%-0 63 R 
parentheses below the Standard Error (0.05) 
coefficient. R2 . 0.73 

F 

O Illl'Ill'ltlltill 1 {111111111I111]lll111/1 111II11l 
JFMAMJJASOMDJFMAMJJ DJFMAMJJASONDJFMAMJJASONDJFMAMJ 

1980 1981 1982 1983 1984 

Exhibit 7. Monthly Risk Premiums, Electric Utilities. 1981-1984 (to Date) 
Risk 

Premlu• 
(I) 

8.0 - Va~ue Line Premiums 
7B -• Merrill lynch Premiums 
76 - Salomon Brothers Premiums 
74 - Average Premiums 
1 2 
7.0 
6.8 

A 

6.6 
64 
6.2 
6.0 
58 
5.6 
54 
5.2 
50 

FMAMJJASONDJFMAMJJ 
Il 81 81 81 8181 81 81 81 81 81 81 8282828282 82 8 

JFMAMJJASOHDJF 
D 83 83 83 83 83 83 83 83 83 83 83 34 8 

ASOND, 
'82 82 82 82 82 I 

4-8 
4.6 
4 4 
42 4.0 \\ 3.8 
3.6 
3.4 
3.2 
3.0 i 
2.8 
2.6 
2.4 
2.Z 
2.0 
1.8 
1.6 
1.4 
1.2 
1.0 
0.8 
0.6 
0.4 
0.2 
0.0 J MAMJ 

18484 84 84 
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Exhibit 8. Comparative Risk Premium Data 

10 -

5 

Aug Sep Oct Nov Dec Jan Feb Mar Apr ?'lay Jun 
1983 1984 

•: Value Line, Ill, SB· Dow Jones Electrics 
•: IBES: Dow Jones Electrics 
•: IBES: All Electric Utilities 

do differ. the differences are not large given the 
nature of the estimates, and the premiums follow 
one another closely over time. Since all of the ana-
lysts are examining essentially the same data and 
since utility companies are not competitive with 
one another. and hence have relatively few secrets. 
the similarity among the analysts' forecasts is not 
surprising. 

4. The IBES data, presented in Exhibit 5 and plotted 
in Exhibit 8, contain too few observations to enable 
us to draw strong conclusions, but (i) the Dow 
Jones Electrics risk premiums based on our three-
analyst data have averaged 27 basis points above 
premiums based on the larger group of analysts 
surveyed by IBES and (ii) the premiums on the 1 I 
Dow Jones Electrics have averaged 54 basis points 
higher than premiums for the entire utility industry 
followed by IBES. Given the variability in the data, 
we are, at this point, inclined to attribute these 
differences to random fluctuations, but as more 
data become available, it may turn out that the 
differences are statistically significant. In particu-
lar, the l l electric utilities included in the Dow 
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Jone,; Utility Index al] have large nuclear invest-
ments, and this may cause them to be regarded as 
riskier than the industry average, which includes 
both nuclear and non-nuclear companies. 

Tests of the Reasonableness of the Risk 
Premium Estimates 

So far our claims to the reasonablenehs of our r™k-
premium estimates have been based on the reasonable-
ness of our variable measures, particularly the mea-
sures of expected dividend growth rates, Essentially, 
we have argued that since there is strong evidence in 
the literature in support of analysts forecasts. risk 
premiums based on these forecasts are reasonable. In 
the spirit of po~itive economics. however, jt is also 
important to demonstrate the reasonableness of our 
result~ more directly. 

It is theoretically possible to test for the validity of 
the risk-premium estimates in a CAPM framework. In 
a cross-sectional estimate of the CAPM equation, 

(k - R,),= ao + a:B, + u,. (5) 

we would expect 

4, = 0 and &, = kM - Ri = Market risk premium. 

This test. of course, would be a Joint test of both the 
CAPM and the reasonableness of our risk-premium 
estimates. There is a great deal of evidence that ques-
tions the empirical validity of the CAPM, especially 
when applied to regulated utilities. Under these condi-
tions, it is obvious that no unambiguous conclusion 
can be drawn regarding the efficacy of the premium 
estimates from such a test.K 

A simpler and less ambiguous test is to show that the 
risk premiums are higher for lower rated firms than for 
higher rated firms. Using 1984 data, we classified the 

*We carried out the test on a monthly basp; tor 1984 and found p<h:tive 
but gatistically in~ignificart coefficients A typical result (for April 
1984) followv 

(k - RF)1 = 3 1675 + I.ROM 4 
(0 91) {1 44) 

The figures in parentheses are •andard errors Utility n;k premiumi do 
increase with betas. but the mtercept term is not zero as the CAPM 
would predict, and cri is both le9% than the predicted value and not 
qtatigtically significant Again, the observation that the coefficient, do 
not conform to CAPM prediction could be as much a problem with 
CAPM specification for utihties as with the nsk premium estimatei. 

A similar test was carried out by Friend. Westerfield, and Granito 19] 
They tested the CAPM using expectatlonal (survey) data rather than ex 
P {, Sl holding period returns . They actually found their coefficient of B , 
to be negative tn all their cross-sectional tests 
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Exhibit 9. Relation,hip between Rr,k Premiums and Bond Ratings, 1984* 
Be|i,~ 

M <,nth Aaa AA AA AwA A A~BBB BBB BBB 

Januaryi ___ 2 614 
3 ()64 3 7()(4 5 074 4.904 9,45 q 

iehruar > 2 98 Q 3 17 ( 4 3 364 4 039 5 269 5 . 14 < k 1 91 ( A 
March 2 34'4 3 469 3 29(k 4.064 5 43 4 5 ()2q 8 284 
Apl Il 2 374 3 039 3 299 3 . 88 ( 4 5 29 ' 4 4 97 % 6 969 
May 2 (*)9 2.489 3 42 '4 3.729 4 729 6 649* 8 8]q 
June 0 72(4 2 I 7g 2 46% 3 169 3.769 5 (X)<4 5,58(4 

Aier , tge 2 08 ' 4 2 82q 3 . 15 '/ r 3 769 ; 4 92 ' h 5 . 2Kq 1 KA { A 

-ihe n.k pi enu um. aie h.i.ed un IBES dat. loi the electi ic· uti ht ie x f-c,!Iowed b> both IBE.5 and S,ilomon B ot hep. 
The ninnhei (,1 Cll~Ctri. tltllitie. followed h> both iirni. varie. tinm nionth to month Foi the period betueen 
.Ianu,ir> dni! hine 1984. the number ot electrtc. tollowed by bi,th fitm4 rangeil from ()6 1(, 99 utilitie+ 

, Iii J,muar> there weie tio Aaa, AA ump,tnie. Suh.equentli lour ittilit ie* weie upgraded w AaaJ AA 

utility industry into risk groups based on bond ratings. 
For each rating group. we estimated the average risk 
premium The results, presented in Exhibit 9, clearly 
show that the lower the bond rating, the higher the risk 
premiums Our premium estimates therefore would 
appear to pass thus simple test of reasonableness. 

Risk Premiums and Interest Rates 
Traditionally, stocks have been regarded as being 

riskier than bonds because bondholders have a prior 
claim on earnings and assets. That is, stockholders 
stand at the end of the line and receive income and/or 
assets only after the claims of bondholders have been 
satisfied. However, if interest rates tluctuate, then the 
holders of long-term bonds can suffer losses (either 
realized or in an opportunity cost sense) even though 
they receive all contractually due payments. There-
fore. if investors worries about "interest rate risk" 
versus "earning power risk" vary over time, then per-
ceived risk differentials between stocks and bonds. and 
hence risk premiums. will also vary. 

Any number of events could occur to cause the per-
ceived riskiness of stocks versuc bonds to change, but 
probably the most pervasive factor. over the 1966-
1984 period, is related to inflation. Inflationary expec-
tations are, of course, reflected in interest rates. There-
fore. one might expect to find a relationship between 
risk premiums and interest rates. As we noted in our 
discussion of Exhibit 3, risk premiums were positively 
correlated with interest rates from 1966 through 1979, 
but. beginning in 1980. the relationship turned nega-
tive. A possible explanation for this change is given 
next. 

1966-1979 Period. During this period, inflation 
heated up, fuel prices soared, environmental problems 

surfaced, and demand for electricity slowed even as 
expensive new generating units were nearing comple-
tion These cost increases required offsetting rate hikes 
to maintain profit levels. However. political pressure. 
combined with administrative procedures that were not 
designed to deal with a volatile economic environ-
ment, led to long periods of "regulatory lag'' that 
caused utilities ' earned ROEs to decline in absolute 
terms and to full far below the cost of equity. These 
factors combined to cause utility stockholders to expe-
rience huge losses: S&P's Electric Index dropped from 
a mid-1960s high of 60.90 to a mid-1970s low of 
20 41. a decrease of 66.5%. Industrial stocks also suf-
fered losses during this period. but, on average, they 
were only one third as severe as the utilities losses. 
Similarly, investors in long-term bonds had losses, but 
bond losses were less than half those of utility stocks. 
Note also that. during this period. (i) bond investors 
were able to reinvest coupons and maturity payments 
at rising rates, whereas, the earned returns on equity did 
not rise, and (ii) utilities were providing a rising share 
of their operating income to debtholders versus stock-
holders (interest expense/book value of debt was ris-
ing. while net income/common equity was declining) 
This led to a widespread belief that utility commissions 
would provide enough revenues to keep utilities from 
going bankrupt (barring a disaster). and hence to pro-
tect the bondholders, but that they would not necessar-
ily provide enough revenues either to permit the ex-
pected rate of dividend growth to occur or, perhaps. 
even to allow the dividend to be maintained. 

Because of these experiences, investors came to re-
gard inflation as having a more negative effect on 
utility stocks than on bonds. Therefore, when fears of 
inflation increased, utilities' measured risk premiums 
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Exhibit 10. Relative Volatility* of Stocks and Bonds. 1965-1984 

Volatility 
Index 

25 -

20 

15 

S&P 500 

High Grade 
lo. /Corporate Bonds , 

5· --

0 
1965 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 

*Voiatility is measured aq the vandard dcviation of total returns over the lag 5 yeitr, 
Source Merrill Lynch . Quanmame Anal \ sn . May , Junc 1984 

also increased. A regression over the period 
1966-1979, using our Exhibit 2 data. produced this 
result. 

RP = 0.30% + 0.73 Ri. rf = 0.48. 
(0.22) 

This indicates that a one percentage point increase in 
the Treasury bond rate produced, on average, a 0.73 
percentage point increase in the risk premium, and 
henceal.00+ 0.73 = 1.73 percentage point increase 
in the cost of equity for utilities. 

1980-1984 Period. The situation changed dra-
mattcally in 1980 and thereafter. Except for a few 
companies with nuclear construction problems, the 
utilities' financial situations stabilized in the early 
1980s. and then improved significantly from 1982 to 
1984. Both the companies and their regulators were 
learning to live with inflation: many construction pro-
grams were completed; regulatory lags were short-
ened: and in general the situation was much better for 
utility equity investors. ln the meantime, over most of 
the 1980-1984 period. interest rates and bond prices 
fluctuated violently, both in an absolute sense and rela-
tive to common stocks. Exhibit 10 shows the volatility 
of corporate bonds very clearly. Over most of the eigh-
teen-year period, stock returns were much more vola-
tile than returns on bonds. However, that situation 
changed in October 1979, when the Fed began to focus 

on the money supply rather than on Interest rates.~' 
In the 1980-1984 period. an increage in infiationary 

expectations has had a more adverse effect on bonds 
than on utility stocks. If the expected rate of infiation 
increases. then interest rates ,t'i// increase and bond 
prices willfall Thus , uncertainty about inflation tran >,- 
lates directly into risk in the bond markets The effect 
of inflation on stocks, including utility stocks, is less 
clear. If inflation increases. then utilities should, in 
theory, be able to obtain rate increases that would 
offset increases in operating costs and also compensate 
for the higher cost of equity. Thus. with "proper" regu-
lation, utility stocks would provide a better hedge 
against unanticipated inflation than would bonds. This 
hedge did not work at all well during the 1966-] 979 
period, because inflation-induced increases in operat-
ing and capital costs were not offset by timely rate 
increases. However, as noted earlier. both the utilities 
and their regulators seem to have learned to live better 
with inflation during the 1980s. 

Since inflation is today regarded as a major invest-
ment risk, and since utility stocks now seem to provide 
a better hedge against unanticipated inflation than do 

'Because the standard dev,atiow, in Exhibit I () are based on the last five 
years of data. even if bond returns stabilize, as they did beginning m 
1982. their reported volat,Iity will remain high for several more yean 
Thus. Exhibit 10 gives a rough mdicat,on of the current relative nski-
ness of stocks versus bonds, but the measure is by no means precise or 
necessarily indicat,ve of future expectations 
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bonds. the interest-rate risk inherent in bonds offsets, 
to a greater extent than was true earlier, the higher 
operating risk that 1S inherent in equities. Therefore, 
when infiationary fears rise. the perceived nskiness of 
bonds rises, helping to push up interest rates. Howev-
er, since investors are today less concerned about inna-
Non h, impact on utility stocks than on bonds, the utili-
ties' cost of equity does not rise as much as that of 
debt, so the observed risk premium tends to fall. 

For the 1980-1984 period. we found the following 
relationship (see Exhibit 6): 

RP = 12.53% - 0.63 RF: F = 0.73. 
(0 05) 

Thus. a one percentage point increase in the T-bond 
rate, on average, caused the risk premium to fall by 
0 63%, and hence it led to a I.00 - 0 63 = 0.37 
percentage point increase in the cost of equity to an 
average utility. This contrasts sharply with the pre-
1980 period, when a one percentage point increase in 
interest rates led, on average, to a I 73 percentage 
point increase in the cost of equity. 

Summary and Implications 
We began by reviewing a number of earlier studies. 

From them, we concluded that. for cost of capital 
estimation purposes, risk premiums must be based on 
expectations, not on past realized holding period re-
turns. Next, we noted that expectational risk premiums 
may be estimated either from surveys, such as the ones 
Charles Benore has conducted, or by use of DCF tech-
niques. Further. we found that, although growth rates 
for use in the DCF model can be either developed from 
time-series data or obtained from security analysts, 
analysts' growth forecasts are more reflective of inves-
tors' views. and. hence, in our opinion are preferable 
for use in risk-premium studies. 

Using analysts' growth rates and the DCF model. 
we estimated risk premiums over several different pe-
riods. From 1966 to 1984, risk premiums for both 
electric utilities and industrial stocks varied widely 
from year to year Also . during the first half of the 
period. the utilities had smaller risk premiums than the 
tndustrials, but after the mid- 1970s, the risk premiums 
for the two groups were, on average, about equal. 

The effects of changing interest rates on risk premi-
ums shifted dramatically in 1980, at least for the utili-
ties. From 1965 through 1979, inflation generally had 
a more severe adverse effect on utility stocks than on 
bonds, and, as a result, an increase in inflationary 
expectations, as reflected in interest rates, caused an 
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increase in equity risk premiums. However, in 1980 
and thereafter, rising inflation and interest rates in-
creased the perceived riskiness of bonds more than that 
of utility equities. so the relationship between interest 
rates and utility risk premiums shifted from positive to 
negative. Earlier, a 1.00 percentage point increase in 
interest rates had led, on average, to a 1. 73% Increase 
in the utilities' cost of equity, but after 1980 a 1.00 
percentage point increase in the cost of debt was asso-
ciated with an increase of only 0.37% in the cost of 
equity. 

Our study also has implications for the use of the 
CAPM to estimate the cost of equity for utilities. The 
CAPM studies that we have seen typically use either 
Ibbotson-Sinquefield or similar historic holding period 
returns as the basis for estimating the market risk pre-
mium . Such usage implicitly assumes ( i ) that ex post 
returns data can be used to proxy ex ante expectations 
and (11) that the market risk premium is relatively sta-
ble over time. Our analysis suggests that neither of 
these assumptions is correct; at least for utility stocks, 
ex post return $, data do not appear to be reflective of ex 
ante expectations , and risk premiums are volatile , not 
stable. 

Unstable risk premiums also make us question the 
FERC and FCC proposals to estimate a risk premium 
for the utilities every two years and then to add this 
premium to a current Treasury bond rate to determine a 
utility's cost of equity. Administratively, this proposal 
would be easy to handle, but risk premiums are simply 
too volatile to be left in place for two years. 
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The Capital Asset Pricing Model: 
Theory and Evidence 

Eugene F. Fama and Kenneth R. French 

F~ he capital asset pricing model (CAPM) of-William Sharpe (1964) andjohn 
Lintner (1965) marks the birth of asset pricing theory (resulting in a 
Nobel Prize for Sharpe iii 1990). Four decades later, the CAPM is still 

widely zised iii applications, such as estimating the cost of capital for firms and 
evaluating the performance of managed portfolios. It is the centerpiece of MBA 
investment courses. Indeed, it is often the oiily asset pricing model taught iii these 

1 
ColiI'ses. 

The attraction of the CAPM is thal it offers powerful and intuitively pleasing 
preclictions about how to measure risk and the relation between expected return 
and risk. Unformnately, the empirical record of the model is poor-poor enough 
to invalidate the way it is used iii applications. The CAPM's empirical problems may 
reflect theoretical failings, the result of many simplifying assumptions. Biit they may 
also be caused by difficulties iii implementing valid tests of the model. For example, 
the CAPM says that the risk of a stock should be measured relative to a compre-
hensive "market portfolio" that in principle can include not jllSt traded financial 

assets, but also conszinier dzirables, real estate and human capital. Even if we take 
a narrow view of the model and limit its pzirview to traded financial assets, is it 

' Although every asset pricing model is a capital asset plicing model, the finance profession reserves the 
acr-onym CAPM for the specific model of Sharpe (1964), Lintner (1965) and Black (1972) discussed 
here. Thus, throughout the paper we refer to the Shaipe-Lintnei-Black model as the CAPM. 

m Eugene F. Fama is Robert R. McCornuck Distinguished Sen)ice Professor of Finance, 
Graduate School of Business, Unruerstty of Chica,go, Chicago, Illinois. Kenneth R. French is 
Carl E. and Catherine M. Heidi Professor of Finance, Tuck School of Busmess, Dartmouth 
College, Hanover, New Hampshire. Their e-matl addresses are <eugene.jama@gsb.uchicago. 
edu> and (kfTench@dartmouth.ed4, respectii)€l). 
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legitimate to limit ftirther the market portfolio to U.S. common stocks (a typical 
choice), or should the market be expanded to inchi(le bonds, and other financial 
assets, perhaps around the world? In the end, we argue that whether the model's 
problems reflect weaknesses in the theory or in its empirical implementation, the 
failure of the CAPM in empirical tests implies that most applications of the model 
are invalid. 

We begin by outlining the logic of the CAPM, foaising oil its predictions about 
risk and expected return. We then review the history of empirical work and what it 
says about shortcomings of the CAPM that pose challenges to be explained by 
alternative models. 

The Logic of the CAPM 

The CAPM builds on the model of portfolio choice developed by Harry 
Markowitz (1959). Iii Markowitz's model, an ilivestor selects a portfolio at time 
t - 1 that produces a stochastic return at t. The model assumes investors are risk 
averse and, when choosing among portfolios, they care only about the mean and 
variance of their one-period investment remrn. As a result, investors choose "mean-
variance-efficient" portfolios, in the sense that the portfolios 1) minimize the 
variance of portfolio retilrn, given expected return, and 2) maximize expected 
return, given variance. Thus, the Markowitz approach is often called a "mean-
variance model." 

The portfolio model provides an algebraic condition on asset weights in mean-
variaijce-efficient portfolios. The CAPM turns this algebraic statement into a tcstable 
prediction about the relation between risk and expected return by identifying a 
portfolio that must be efficient if asset prices are to clear the market of all assets. 

Sharpe (1964) and Lintner (1965) add two key assllmptions to the Markowitz 
model to identify a portfolio that must be mean-variance-efficient. The first assiimp-
tion is complete agreement given market clearing asset prices at t - 1 , investors agree 
on the joint distribution ofasset returns from t-ltot. And this distribiition is the 
true one-that is, it is the distribution from which tile returns we lise lo test the 
model are drawn . The second assumption is that there is borrowing and lending at a 
Tish - free Tate , which is the same for all investors and does not depend on the amount 
borrowed or lent. 

Figzire 1 describes portfolio opportunities and tells the CAPM story. The 
horizontal axis shows port folio risk, measured by the standard deviation of portfolio 
return ; the vertical axis shows expected return . The curve abc , which is called the 
minimum variance frontier, traces combinations of expected return and risk for 
portfolios of risky assets that niinimize return variance at different levels of ex-
pected return. (These portfolios do not iiic.hide risk-free borrowing and lending.) 
The tradeoff between risk and expected return for minimum variance portfolios is 
apparent. For example, an investor who wants a high expected return, perhaps at 
point a, must accept high volatility. At point L the investor can have an interme-
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diate expected return with lower volatility. If there is no risk-free borrowing or 
lending, only portfolios above b along abc are Inean-variance-efficient, since these 
portfolios also maximize expected return, given their remrn variances. 

Addillg risk-free borrowing and lending turns tlle efficient set into a straight 
line. Consider a portfolio that invests the proportion x of portfolio funds in a 
risk-free seczirity and 1-xiii some portfolio g. If all funds are invested iii the 
risk-free security-that is, they are loaned at the risk-free rate of interest-the reslilt 
is the point R/ in Figure 1, a portfolio with zero variance and a risk-free rate of 
return. Combinations of risk-free lending and positive investment in g plot oil tile 
straight line between R, and g Points to the right of g On the line represent 
borrowing at the risk-free rate, with the proceeds from the borrowing used to 
increase investment in portfolio g. Iii short, portfolios that combine risk-free 
lending or borrowing with some risky poi tfolio g plot along a straight line from 6 
through g in Figure 1.2 

2 Foi mally, the return, expected return and standai·d deviation of emrn on portfolios of the risk-free 
asset fancl a i·isky pot·tfolio g vary with x, the proportion of portfolio ftinds invested in j; as 

Rp= xRL + (1-x) Rg, 

E( Rp) = xRl + (1 - x) E(Rg), 

0(Rp) = (1 - x)a(Rg), xs 1.0, 

which together imply that the portfolios plot along the line fiom R, througli g in Figuie 1. 
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To obtain the mean-variance-efficient portfolios available with risk-free bor-
rowing and len(ling, one swings a line from 6 iii Figure 1 zip and to the left as far 
as possible, to the tangency portfolio T. We can then see that all efficient portfolios 
are combinations of the risk-free asset (either risk-free borrowing or lending) and 
a single risky tangency portfolio, T. This key result is Tobin's (1958) "separation 
theorem." 

The pimch line of the CAPM is now straightforward. With complete agrcement 
about distributions ofremrns, all investors see the same opportunity set (Figzire 1), 
aiid they combine the same risky taiigency portfolio T with risk-free lending or 
borrowing. Since all investors hold the same portfolio T of risky assets, it II111St be 

the vahie-weight market portfolio of risky assets. Specifically, each risky asset's 
weight iii the tangency portfolio, which we now call M (for the "market"), niust be 
the total market vahie of all ozitstanding units of the asset divided by the total 
market value of all risky assets. Iii addition, the risk-free rate Inzlst be set (along with 
the prices of risky assets) to clear the market for risk-free borrowing and lending. 

In short, the CAPM assumptions imply that the market port folio M must be on 
the minimum variance frontier if the assel market is to clear. This means that the 
algebraic relation that holds for any minimum variance portfolio must hold for the 
market portfolio. Specifically, if tliere are N risky assets, 

(Minimum Variance Condition for M) E(jt) = NRm) 

-1- [F(I?,w) - IL'(j¢;:jw)]~,Al,i=l 

In this equation, E(R,) is the expec.ted retlirn on asset z, and Aw, the market beta 
of asset i, is the covariance of its return with the market return divided by the 
val-iance of the market return, 

COV (jt, RM) 
(Market Beta) B, w = 02(RM) ' 

The first telin on the right-hand side of the lilillixnlnn variance COI)(lition, 
E(RzM), is the expected return on assets that have market betas equal to zero, 
which Ineans their returns are uncorrelated with the market return. The second 
term is a risk prenihini-the market beta of asset i, B,M, times the premium per 
imit of beta, which is the expected market remrn, E(Riw), minus If( RZM~ 

Since the market beta of asset i is also the slope in the regression of its return 
on the market retllrn, a common (and correct) interpretation of beta is that it 
measures the sensitivity of the asset's return to variation in the market return. Bill 
there is another interpretation of beta more in line with the spirit of the portfolio 
model that underlies the CAPM. The risk of the market portfolio, as ineasured by 
the variance of its return (the denominator of B,M), is a weighted average of the 
covariaiice risks of the assets in M (the nzinierators of B,M for different assets). 
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Thus, B,M is the covariance risk of asset z in M measured relative to the average 
covariance risk of assets, which is just the variance of the market retizrn.3 Ill 
economic terms, B,Aj is proportional to the risk eacli dollar invested in asset i 
contributes to the market portfolio. 

The last step iii the developinent of the Sharpe-Lintner model is to lise the 
assuinption of risk-free borrowing atid lending to nail clown E( RzA'/~ , the expected 
return 011 zero-beta assets. A risky asset's return is zincorrelated with the market 
return-its beta is zero-when the average of the asset's covariances with tile 
returns on other assets just offsets the variance of the asset's return. Siich a risky 
asset is riskless in the market portfolio in tlle sense that it contributes nothing to the 
variance of the market return. 

When there is risk-free borrowing and lending, the expected remrn On assets 
that are uncorrelated with the market return , E ( RzM )' must equal the risk - free rate , 
Rt. The relation between expected return and beta then becomes the familiar 
Sharpe-Lintner CAPM equation, 

(Sharpe-Lintner CAPM) E(It) = li + IE(RM) - 14)'B,M, i=1, N 

In words, the expected return on any asset z is the risk-free interest rate, Rp plus a 
risk premium , which is the asset ' s market beta , B jM , times the premium per unit of 
beta risk , ECRM ) - Rj . 

Unrestricted risk-free borrowing and lending is an unrealistic assumption. 
Fischer Black (1972) develops a version of the CAPM without risk-free borrowing or 
lendiiig. He shows that the CAPM's key resizlt-that the market portfolio is mean-
variance-efficient-can be obtained by instead allowing unrestricted short sales of 
risky assets. In brief, back in Figure 1, if there is no risk-free asset, investors select 
portfolios from along the mean-variance-efficient frontier from a to b. Market 
clearing prices imply that when one weights the efficient portfolios chosen by 
investors by their (positive) shares of aggregate invested wealth, the reszilting 
portfolio is the market portfolio. The market portfolio is thus a portfolio of the. 
efficient portfolios chosen by investors. With unrestricted short selling of risky 
assets, portfolios made up of efficiellt portfolios are themselves efficient. Thus, the 
market portfolio is efficient, which ineans that the minimum variance condition for 
M given above holds, and it is the expected return-risk relation of the Black CAPM. 

The relations between expected return and market beta of the Black and 
Sharpe-Lintner versions of the CAPM differ only in terms of what each says about 
EC RZM), the expected return on assets uncorrelated with the market. The Black 
version says only tliat E(1?ZM) must be less than the expected market return, so the 

' Formally, if x,M is the weight of asset , iii the maiket poi·tfolio, then the variance of the pot tfolio's 
return is 

\ 

92(R,W) = (.'07)(R,w, R,w) = (.'OY,~ I x,w/?„ R,w 1 = " : ~ .R„ RW) 'Af C'OT,f 

,=1 
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premium for beta is positive. In Contrast, in the Sharpe-Lintncr version of the 
model , E ( RzM ) miist be the risk - free interest rate , Rp and the premium per unit of 
beta risk is ECRM ) - RI . 

The assumption that short selling is unrestricted is as unrealistic as unre-
stricted risk-free borrowing and lending. If there is no risk-free asset and short sales 
of risky assets are not allowed, mean-variance investors still choose efficient 
portfolios-pohits above b on the abc ciirve iii Figure 1. But when there is lio short 
selling of risky assets and no risk-free asset, the algebra of portfolio efficiency says 
that portfolios made zip of efficient portfolios are not typically efficient. This means 
that the market portfolio, which is a portfolio of the efficient portfolios chosen by 
investors, is not typically efficient. And the CAPM relation between expected reti irn 
and market beta is lost. This does not nile out predictions about expected return 
and betas with respect to other efficielit portfolios-if theory can specify portfolios 
that must be efficient if the market is to clear. But so far this has proven impossible. 

Iii short, the familiar CAPM equation relating expected asset returns to their 
market betas is jiist an application to the market portfolio of the relation between 
expected return and portfolio beta tllat holds iii any mean-variance-efficient port-
folio. The efficiency of the market portfolio is based on niany unrealistic assmnp-
tions, including complete agreement and either unrestricted risk-free borrowing 
and lending or unrestricted short selling of risky assets. But all interesting models 
involve unrealistic simplifications, which is why t.hey must be tested against data. 

Early Empirical Tests 

Tests of tlie CAPM are based on thre. e implications of the relation between 
expected remrn and market beta iinl)lied by the model. First, expected retzirns on 
all assets are linearly related to their betas, and no other variable has marginal 
explanatory power. Second, the beta premilim is positive, meaning that the ex-
pected return on the market portfolio exceeds the expected return on assets whose 
returns are uncorrelated with tlle market remrn. Third, in the Sharpe-Lintner 
version of the model, assets uncorrelated with the market have expected remrns 
eqiial to the risk-free interest rate, and the beta premium is the expected inarket 
return mimis the risk-free rate. Most tests of these predictions lise either cross-
section or time-series regressions. Both approaches date to early tests of the niodel. 

Tests on Risk Premiums 
The early cross-section regression tests focus on the Sharpe-Lintner model's 

predictions about the intercept and slope in the relation between expected reliirn 
and market beta. The approach is to regress a cross-section of average asset returns 
oil estimates of asset betas. The model predicts that the intercept in these regres-
sions is the risk-free interest rate, R/, and the coefficient on beta is the expected 
return 011 the market in excess of tlie risk-free rate, E(RA1) - 14. 

Two problems in these tests quickly became apparent. First, estimates of beta 
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for individual assets are imprecise, creating a measzirement error problem when 
they are ziscd to explain average returns. Second, the regression residuals have 
cornmon soizrces of variation, siich as indzistry effects iii average returns. Positive 
correlation in the residuals produces downward bias in tile lisllal ordinary least 
squares estimates of the standard errors of the cross-section regression slopes. 

To improve the precision of estimated betas, researchers such as Bhlme 
(1970), Friend and Blmne (1970) and Black, Jensen and Scholes (1972) work with 
portfolios, ratlier than individual seczirities. Since expected remrns and market 
betas combine iii the same way iii portfolios, if the CAPM explains seciirity returns 
it also explaiiis portfolio retizrns.4 Estimates of beta for diversified portfolios are 
more precise than estimates for individiial securities. Thzis, ilsing portfolios in 
cross-section regressions of average returns on betas reduces the critical errors in 
variables problem. Grouping, however, shrinks the range of betas and rediices 
statistical power. To mitigate this problem, researchers sort securities on beta when 
forming portfolios; the first portfolio contains securities with the lowest betas, and 
SO On, 11p to tlle last portfolio with the highest beta assets. This sorting procedure 

is now standard in empirical tests. 
Fama aiid MacBeth (1973) propose a Inetliod for addressing the inference 

problem caused by correlation of the residzials iii cross-section regressions. Instead 
of estimating a single cross-section regression of average monthly returns on betas, 
tliey estimate month-by-month cross-section regressions of monthly returns on 
betas. The times-series means of the monthly slopes and intercepts, along with the 
standard errors of the means, are then used to test whether the average premium 
for beta is positive and whether the average return on assets uncorrelated with the 
market is equal to the average risk-free interest rate. In this approach, the standard 
errors of the average intercept and slope are determined by the month-to-month 
variation in the regression coefficients, which fully captzires the effects of residiml 
correlation on variation in the regression coefficients, but sidcsteps the problem of 
actually estimating the correlations. The residual correlations are, iii effect, cap-
tizred via repeated sainpling of the regression coefficients. This approach also 
becomes standard in the literature. 

jensen (1968) was the first to note that the Sharpe-Lintner version of the 

4 Fo i inally, if x,p, i = 1, , N, at-e tile weights foi assets in some portfolio p, the expected irturn and 
market beta for tile portfolio are related to the expected retui-ns ancl betas of assets as 

\ A 

E(Rp) = X x,pE(R,), and #pw = I Xp/3'M. 
'== 1 

Thus, the CAPM telatton between expected return and beta, 

E(R,) = E(1?~) + [E(ltv) - E(RI)]B,Al, 

holds when asset / is a pot·tfolio, as well as when i is an inclividual security. 
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relation between expected return and market beta also implies a time-series re-
gression test. rl'he Sharpe-Lintiier CAPM says that the expected vahie of aii asset's 
excess return (the asset's return minzis the risk-free interest rate, Ru - R/,) is 
completely explained by its expected CAPM risk preinium (its beta times the 
expected value of RM, - R//) . This implies that "jensen's alpha," the intercept term 
iii the time-series regressioii, 

( Time - Series Regression ) It , - & = a , + P , M ( RLw / - RD ) + 8 , 1 , 

is zero for each asset. 
The early tests firmly reject the Sharpe-Lintner version of the CAPM. There is 

a positive relation between beta and average return, biit it is too "flat." Recall that, 
in cross-section regressions, the Sharpe-Lintner model predicts that t.he intercept is 
the risk-free rate and the coefficient on beta is the expected market return in excess 
of the risk - free rate , If ( RiM ) - Rp The regressions consistently find that the 
intercept is greater than the average risk-free rate (typically proxied as the return 
on a one-month Treasury bill), and the coefficient on beta is less than the average 
excess market re t zirii (proxied as the average return on a portfolio of U.S. COInmon 
stocks minus the Treasury bill rate). This is true in the early tests, such as Douglas 
(1968), Black, jensen and Scholes (1972), Miller and Scholes (1972), Bhime and 
Friend (1973) aiid Fama and MacBeth (1973), as well as in more recent cross-
section regression tests, like Faina and French (1992). 

The evidence that the relation between beta and average return is too flat is 
confirmed in time-series tests, siich as Friend and Bhime (1970), Black, Jensen and 
Scholes (1972) and Stambaugh (1982). The intercepts in time-series regressions of 
excess asset returns on the excess market return are positive for assets with low betas 
and negative for assets with high betas. 

Figure 2 provides an updated example of the evidence. Iii December of each 
year, we estimate a preranking beta for every NYSE (1928-2003), AMEX (1963-
2003) and NASDAQ (1972-2003) stock in the CRSP (Center for Research iii 
Security Prices of the University of Chicago) database, using two to five years (as 
available) of prior nionthly returns.5 We then form ten value-weight portfolios 
based Oil these preranking bctas and conlpllte their returns for the next twelve 

moiitlis. We repeat this process for each year from 1928 to 2003. The result is 
912 monthly rcmrns on ten beta-sorted portfolios. Figure 2 plots each portfolio's 
average return against its postranking beta, estimated by regressing its molltlily 
remrlls for 1928-2003 on the return on the CRSP value-weight portfolio of U.S. 
common stocks. 

The Sharpe-Lintner CAPM predicts that the portfolios plot along a straight 

" To be included in the sainple foi· yeai t, a security must have market equity data (ptice times slmres 
outstancling) for Deceinber of / - 1, and CRSP must classify it as oiclinai-y common equity. TIms, we 
exclude securities such as American Depository Receipts (ADRs) and Real Estate Investment Tiusts 
(REITs). 
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14gu.re 2 
Average Annualized Monthly Return versus Beta for Value Weight Portfolios 
Formed on Prior Beta, 1928-2003 
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line, with an intercept equal to the risk-free rate, R/, and a slope equal to the 
expected excess return on the market, If( RM) - R/. We use the average one-month 
Treasury bill rate and the average excess CRSP market return for 1928-2003 to 
estimate the predicted line in Figiire 2. Confirming earlier evidence, the relation 
between beta and average return for tlie ten portfolios is Inllch flatter than the 
Sharpe-Liiitner CAPM predicts. The returns on the low beta portfolios are too high, 
and the returns on the high beta portfolios are too low. For example, the predicted 
return on the portfolio with the lowest beta is 8.3 percent per year; the actual return 
is 11.1 percent. The predicted return on Ihe portfolio with the highest beta is 
16.8 percent per year; the acnial is 13.7 percent. 

Although the observed premium per mlit of beta is lower than the Sharpe-
Lintner model predicts, the relation between average return and beta iii Figure 2 
is roughly linear. This is consistent wit.h the Black version of the CAPM, which 
predicts only that the beta premium is positive. Even this less restrictive model, 
however, eventually sziccumbs to the data. 

Testing Whether Market Betas Explain Expected Returns 
The Sharpe-Lintner and Blac.k versions of the CAPM share the prediction that 

the market portfolio is mean-variance-efficient. This implies that differences iii 
expected return across securities and portfolios are entirely explained by differ-
ences in market beta; other variables should add nothing to the explanation of 
expected return. This prediction plays a prominent role iii tests of the CAPM. Iii 
the early work, the weapon of choice is cross-section regressions. 

Iii the framework of Fama and MacBeth (1973), one simply adds predeter-
mincd explanatory variables to the month-by-month cross-section regressions of 
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returns on beta. If all differences iii expected return are explained by beta, tile 
average slopcs on the additional variables should not be reliably different from 
zero. Clearly, the trick iii the cross-section regression approach is to choose specific 
additional variables likely to expose any problems of the CAPM prediction that, 
because the market portfolio is efficient, market betas suffice to explain expected 
asset reti inis. 

For example, in Fama and MacBeth (1973) the additional variables are 
squared market betas (to test the prediction that the relation between expected 
remrn and beta is linear) and residual variances from regressions of returns on the 
market return (to test the prediction t.hat market beta is the only measure of risk 
needed to explain expected returns). These variables do not add to the explanation 
of average retiirns provided by beta. 'Ihus, the results of Fama and MacBeth (1973) 
are consistent with the hypothesis that their market proxy-an equal-weight port-
folio of NYSE stocks-is oil the minimmn variaiice frontier. 

The hypothesis that market betas completely explain expected retiirns can also 
be tested lising time-series regressions. In the time-series regression described 
above (the excess return on asset i regressed on the excess market return), the 
intercept is the difference between the asset's average excess return and the excess 
retzirn predicted by the Sharpe-Lintner Inodel, that is, beta times the average excess 
market return. If the model holds, there is no way to group assets into portfolios 
whose iiitercepts are reliably different from zero. For example, the intercepts for a 
portfolio of stocks with high ratios of earnings to price and a portfolio of stocks with 
low earning-price ratios should both be zero. Thus, to test the hypothesis that 
market betas siiffce to explain expected returns, one esmnates the time-series 
regression for a set of assets (or portfolios) and then jointly tests the vector of 
regression intercepts against zero. The trick iii this approach is to choose the 
left-haiid-side assets (or portfolios) ill a way likely to expose aiiy shortcoming of the 
CAPM prediction that market betas sziffice to explain expected asset returns. 

In early applications, researchers lise a variety of tests to determine whether 
the intercepts in a set of time-series regressions are all zero. The tests have the same 
asyinptotic properties, but there is controversy about which has the best small 
sample properties. Gibbons, Ross and Sllanken (1989) settle the debate by provid-
ing an F-test on the intercepts that has exact small-sample properties. They also 
sliow that the test has a simple economic interpretation. In effect, the test con-
strzicts a cancli(late for the tangency portfolio T iii Figure 1 by optimally combining 
the market proxy and the left-hand-side assets of the time-series regressions. The 
estimator then tests whether the efficient set provided by the combination of tliis 
tangeiicy portfolio and the risk-free asset is reliably superior to the one obtained by 
combining the risk-free asset with the market proxy alone. Iii other words, the 
Gibbons, Ross and Shanken statistic tests whether the market proxy is the tangency 
portfolio iii the set of portfolios that can be constructed by combining the market 
portfolio with the specific assets zised as dependent variables in the time-series 
regressions. 

Enlightened by this insight of Gibbons, Ross and Shanken (1989), one can see 
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a similar interpretation of the cross-section regression test oi whether Illarket betas 

suffice to explain expected returns. In this case, the test is whether the additional 
explanatory variables in a cross-section regression identify patterns in the retzirns 
on the left-hand-side assets that are iiot explained by the assets' market betas. This 
amolmts to testing whether the market proxy is on the minimum variance frontier 
that can be constructed using ihe market proxy and the left-hand-side assets 
included iii the tests. 

An important lesson from this discussion is that time-series and cross-section 
regressions do not, strictly speaking, test the CAPM. What is literally tested is 
whether a specific proxy for the market portfolio (typically a portfolio of U.S. 
conimon StOcks) is efficient in the set of portfolios that can be constructed from it 

and the left-hand-side assets iised in the test. One might coilclli(le from this that the 
CAPM has never been tested, and prospects for testing it are not good because 
1) the set of left-hand-side assets does not include all marketable assets, and 2) data 
for the true market portfolio of all assets are likely beyond reach (Roll, 1977; more 
on this later). But this criticism can be leveled at tests of any economic model when 
the tests are less than exhaustive or when they zlse proxies for the variables called 
for by the model. 

The bottom line from the early cross-section regression tests of the CAPM, 
such as Faina and MacBetll (1973), and tlie early time-series regression tests, like 
Gibbons (1982) and Stambaugh (1982), is that standard market proxies seem to be 
on the InillililliIn variance frontier. That is, the central predictions of the Black 
version of the CAPM, that market betas suffice to explain expected returns and that 
the risk premium for beta is positive, seem to hold. But the more specific prediction 
of the Sharpe-Lintner CAPM that the premiuin per imit of beta is the expected 
market remrn minus the risk-free interest rate is consislemly rejected. 

The success of the Black version of the CAPM iii early tests produced a 
consensus that the model is a good description of expected returns. These early 
results, coiipled with the model's simplicity ail€1 iiltziitive apl)cal, piislied the CAPM 
to the forefront of finance. 

Recent Tests 

Starting iii the late 1970s, empirical work appears that challenges even the 
Black version of the CAPM. Specifically, evidence mounts that much of the varia-
tion in expected return is unrelated to market beta. 

The first blow is Basu's (1977) evidence that when common stocks are sorted 
011 earnings-price ratios, ftiture returns on high E/P stocks are higher than pre-
dicted by the CAPM. Banz (1981) documents a size effect: when stocks are sorted 
on market capitalization (price times shares outstanding), average returns on small 
stocks are higller than predicted by the CAPM. Bhandari (1988) finds that high 
debt-equity ratios (book value of debt over the market value of equity, a measure of 
leverage) are associated with returns that are too high relative to their market betas. 
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Finally, Statman (1980) and Rosenberg, Reid and LansteiIi (1985) document that 
stocks with high book-to-market equity ratios (B/M, the ratio of the book value of 
a common stock to its market vahie) have high average remrns that are not 
captured by their betas. 

There is a theme in the contradictioilS of tlie CAPM siiznrnarized above. Ratios 
involving stock prices have information about expected retiirns missed by market 
betas. On reflection, this is not surprising. A stock's price depends not only on the 
expected cash flows it will provide, but also on the expected returns that discount 
expected cash flows back to the present. Thus, in principle, the cross-section of 
prices has information about the cross-section of expected returns. (A high ex-
pected return implies a high discount rate and a low price.) The cross-section of 
stock prices is, however, arbitrarily affected by differences in scale (Or lillits). But 
with a judiciozis choice of scaling variable X, the ratio X/P can reveal differences 
iIi the cross-section of expected stock returns. Such ratios are thus prime candidates 
to expose shortcomings of asset pricing models-in the case of the CAPM, short-
comings of the prediction that market betas suffice to explain expected retzirns 
(Ball, 1978). The contradiclions of the CAPM summarized above suggest that 
earnings-price, debt-equity and book-to-market ratios indeed play this role. 

Fama and French (1992) update and synthesize the evidence on the empirical 
failures of the CAPM. Using the cross-section regression approach, they confirm 
that size, earnings-price, debt-equity and book-to-market ratios add to the explana-
lion of expected stock rcturns provided by market beta. Fama and French (1996) 
reach the same concllision zlsing the time-series regression approach applied to 
portfolios of stocks sorted on price ratios. They also find that differeiit price ratios 
have much the same information about expected returns. This is not surprising 
given that price is tlie common driving force in the price ratios, and the mlrnerators 
are just scaling variables used to extract the information in price about expected 
reti iri is. 

Fama and French (1992) also confirm the evidence (Reingamim, 1981; Slain-
baugh, 1982; Lakonishok and Shapiro, 1986) that the relation between average 
retzirn and beta for common stocks is even flatter after the sample periods zised iii 
the early empirical work on the CAPM. The estimate of the beta premium is, 
however, cloudcd by statistical uncertainty (a large standard error). Kothari, Shan-
keii aiid Sloan (1995) try to resiiscitate the Sharpe-Lilltiler CAPM by argiziiig that 
the weak relation between average return and beta is jzist a chance result. But the 
strong evidence that other variables capture variation in expected return missed by 
beta makes this argument irrelevant. If bctas do not suffice to explain expected 
returns, the market portfolio is not efficient, and the CAPM is dead in its tracks. 
Evidence on the size ofthe market premium can neither save the model nor further 
doom it. 

The syntliesis of tlie eviclcnce on the empirical problems of the CAPM pro-
vided by Faina and French (1992) serves as a catalyst, marking the point when it is 
generally acknowledged that the CAPM has potentially fatal problems. Research 
then turns to explanations. 
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One possibility is that the CAPM's problems are spurious, the result of data 
dredging-piiblicatioii-hungry researchers scoziring the data and 11Ilearthing Con-
tradictions that occur iii specific samples as a result of chance. A standard response 
to this concern is to test for similar findings iii other samples. Chan, Hamao and 
Lakonishok (1991) find a strong relation between book-to-market equity (B/M) 
and average retlirn forjapanese stocks. Capaul, Rowley and Sharpe (1993) observe 
a similar B/M effect iii four European stock markets and iii japan. Faina and 
French (1998) find that the price ratios that produce problems for the CAPM in 
U.S. data show lip ill the sallie way in the stock returns of twelve 11011-U.S. major 
markets, aiid they are present iii emerging market returns. This evidence suggests 
that the contradictions of the CAPM associated with price ratios are not sample 
specific. 

Explanations: Irrational Pricing or Risk 

Among those who COndude that the enipirical failiires of the CAPM are fatal, 
two stories emerge. On one side are the behavioralists. Their view is based on 
evidence that stocks with high ratios of book value to lnarket price are typically 
firms that have fallen on bad times, while low B/M is associated with growth firms 
(Lakonisliok, Shleifer and Vishny, 1994; Fama and French, 1995). The behavior-
alists arglie that sorting firms on book-to-market ratios exposes iiivestor overreac-
tion to good and bad times. Investors overextrapolate past performance, resulting 
in stock prices that are too high for growth (low B/M) firms and too low for 
distressed (high B/M, so-called vahie) firnis. When the overreaction is eventually 
corrected, the result is high returns for value stocks and low returns for growth 
stocks. Proponents of this view include DeBon(it and Thaler (1987), Lakoilishok, 
Shleifer and Vishny (1994) and Hallgen (1995). 

The second story for explailiiiig the einpirical coiitradictioiis of tlie CAPM is 
that they point to the need for a more complicated asset pricing model. The CAPM 
is based on many unrealistic assziniptions. For example, the assllnlption that 
investors care only aboiit the mean and variance of one-period portfolio returns is 
extreme. It is reasonable that investors also care about how their portfolio ret i iri i 
covaries with labor ilicoine and future investment opportunities, so a portfolio's 
return variance misses important dimensions of risk. If so, market beta is not a 
complete description of an asset's risk, and we should not be surprised to find that 
differences in expected retzirn are not completely explained by differences in beta. 
In this view, the searc.h should tiirn to asset pricing models that do a better job 
explaining average returns. 

Merton's (1973) intertemporal capital asset pricing model (ICAPM) is a 
natural extension of the CAPM. The ICAPM begins with a different assumption 
about investor objectives. Iii the CAPM, investors care only about the wealth their 
portfolio produces at the end of the current period. In tile ICAPM, investors are 
concerned not only with their end-of-period payoff, but also with the opportunities 
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they will have to consume or invest the payoff. Thus, when choosing a portfolio at 
time t -1, ICAPM investors consider how their wealth at t might vary with future 
state vadables, including labor income, the prices of consumption goods and the 
nature of portfolio opportunities at t, and expectations about the labor income, 
consumption and investment oppormnities to be available after t. 

Like CAPM investors, ICAPM investors prefer high expected return and low 
return variance. But ICAPM investors are also concerned with the covariances of 
portfolio returns with state variables. As a result, optimal portfolios are "mziltifactor 
efficient," which means they have the largest possible expected returns, given their 
return variances and tlie covariances of their returns with the relevant state 
variables. 

Faina (1996) shows that the ICAPM generalizes the logic of the CAPM. That is, 
if there iS risk-free borrowing and lending or if short sales of risky assets are allowed, 

market clearing pric.es imply that the market portfolio is niriltifactor efficient. 
Moreover, mullifactor efficiency implies a relation between expected return and 
beta risks, but it requires additional betas, along with a market beta, to explain 
expected returns. 

An ideal implementation of the ICAPM would specify the state variables that 
affect expected remrns. Fama and French (1993) take a more indirect approach, 
perhaps more iii the spirit of Ross's (1976) arbitrage pricing theory. They argue 
that thozigh size and book-to-market equity are not themselves state variables, the 
higher average returns on small stocks and high book-to-market stocks reflect 
unideiitified state variables that produce undiversifiable risks (covariances) in 
retiirns tliat are not capmred by the market retlirn and are pric.ed sel)arately from 
Inarket betas. In support of this claim, they show that the returns on the stocks of 
small firms covary inore with one another than with returns on the stocks of large 
firms, and returns on high book-to-market (value) stocks covary niore with oiie 
another than with returns on low book-to-market (growth) stocks. Fama and 
French (1995) show that there are similar Size and book-to-market patterns iii the 
covariation of fundamentals like earnings and sales. 

Based on this evidence, Faina and French (1993,1996) propose a three-factor 
model for expected returns, 

(Three-Factor Model) E(R//) - 14 == B,jw[E(Rwt) - Rj,] 

+ p„E<SMB) + Bt,iE<HML,) 

In this equation , SMB~ ( small mimis big ) is the difference between the returns on 
diversified portfolios of small and big stocks , HML , ( high minus low ) is the 
difference between the returns on diversified portfolios of high and low B/M 
stocks , and thebetasareslopesin tlie multiple regression of R „ - R /, on RM , - Rm 
SMB, and HM-Lr 

For perspective , the average value of the nlarket premium RAit - Rjl for 
1927-2003 is 8.3 percent per year, which is 3.5 standard errors from zero. The 

10928 



Workpaper 20 
Page 15 of 22 

Eugene F. Fama and Kenneth 1?. 1+ench 39 

average values of SMBM and HML , are 3 . 6 percent and 5 . 0 percent per year , and 
they are 2.1 aiid 3.1 standard errors from zero. All three premiums are volatile, with 
animal standard deviations of 21 . 0 percent ( RM < - Rpj , 14 . 6 percent ( SMB ,) and 
14 . 2 percent ( HMLb per Year . Althozigh the average values of the premiums are 
large, high volatility implies siibstantial izncertainty about the true expected 
prelnillms. 

One implication of the expected return equation of the three-factor model is 
that the intercept a, in the tiine-series regression, 

R,i- RB= OL,+ {3'MCRMI- RJI) + 131.SMB,+ B,j.HML,+ e,t, 

is zero for all assets i. Using this criterion, Fama and French (1993, 1996) find that 
the model captures mitch of the variation in average return for portfolios formed 
on size, book-to-market equity and other price ratios that cause problems for the 
CAPM. Fama and French (1998) show that an international version of the model 
performs better than an international CAPM in describing average retzirns on 
portfolios formed on scaled price variables for stocks in 13 major markets. 

The three-factor model is now widely used in empirical research that requires 
a model of expected remrns. Estimates of al from the time-series regression above 
are used to calibrate how rapidly stock pric.es respond to new information (for 
example, Loughran and Ritter, 1995; Mitchell and Stafford, 2000). They are also 
used to measure the special information of portfolio managers, for example, in 
Carhart's (1997) smdy of mutual fund performance. Among practitioners like 
Ibbotson Associates, the model is offered as an alternative to the CAPM for 
estimating the cost of equity capital. 

From a theoretical perspective, the main shortcoming of the three-factor 
model is its empirical mot.ivation. The small-minus-big (SMB) and high-minus-low 
(HML) explanatory retzirns are not motivated by predictions about state variables 
of concern to investors. Instead they are brute force constructs meant to capture 
the patterns uncovered by previous work on how average stock returns vary with size 
and the book-to-market equity ratio. 

But this concern is not fatal. The ICAPM does not reqiiire that the additional 
portfolios used along willi the market portfolio to explain expected retiirns 
"mimic" the relevant state variables. In both the ICAPM and the arbitrage pricing 
theory, it sziffices that the additional portfolios are well diversified (in the termi-
nology of Faina, 1996, they are mziltifactor miniInuin variance) and that they are 
sufficiently different from the market portfolio to capture covariation in rellirns 
and variation iii expected retzirns missed by the market portfolio. Thzis, adding 
diversified portfolios that capture covariation iii returns and variation in average 
returns left unexplained by the market is in the spirit of both the ICAPM and the 
Ross's arbitrage prici lig theory. 

The behavioralists are not impressed by the evidence for a risk-based expla-
nation of the faihires of the CAPM. They typically concede that the three-factor 
model captures covariation in returns missed by the market remrn and that it picks 
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zip much of the size and value effects in average returns left unexplained by the 
CAPM. Bm their view is tliat the average return preiniuin associated with the 
model's book-to-market factor-which does the heavy lifting in the improvements 
to the CAPM-is itself the result of investor overreaction that happens to be 
correlated across firms in a way that jiist looks like a risk story. In short, in the 
behavioral view, the market tries to set CAPM prices, and violations of the CAPM 
are due to mispri(ing. 

The conflict between the behavioral irrational pricing story and the rational 
risk story for the empirical failures of the CAPM leaves its at a timeworn impasse. 
Fama ( 1970) emphasizes that the hypothesis that prices properly reflect available 
information must be tested in the context of a model of expected returns, like the 
CAPM. Intizitively, to test whether prices are rational, one miist take a stand on what 
the market is trying to do iii setting prices-that is, what is risk and what is the 
relation between expected return and risk? When tests reject the CAPM, one 
cannot say whether the problem is its assumption that prices are rational (the 
behavioral view) or violations of other assumptions that are also necessary to 
produce the CAPM (our position). 

Fortunately, for some applications, the way one lists the three-factor model 
does not depend on one's view about whether its average return premiums are the 
rational result of underlying state variable risks, the result of irrational inveslor 
behavior or sample specific results of chance. For example, when measuring the 
response of stock prices to new information or when evalzmting the performance of 
managed portfolios, one wants to account for known patterns in returns and 
average returns for the period examined, whatever their source. Similarly, when 
estimating the cost of eqizity capital, one might be unconcerned with whether 
expected return premiums arc rational or irrational since tliey are iii either case 
part of the opportunity cost of equity capital (Stein, 1996). But the cost of capital 
is forward looking, so if the premiums are sample specific they are irrelevant. 

The three-factor model is hardly a panacea. Its most serious problem is the 
niornentiim effect of Jegadecsh and Titman (1993). Stocks that cio well relative to 
the market over the last three to twelve months tend to continue to do well for the 
next few months, and stocks that do poorly continue to do poorly. This nlomelitllm 
effect is distinct from the value effect captured by book-to-market equity and other 
price ratios. Moreover, the momentum effect is left unexplained by the three-factor 
model, as well as by tile CAPM. Following Carhart (1997), one response is to add 
a momentum factor (the difference between the returns on diversified portfolios of 
short-term winners and losers) to the three-factor model. This step is again legiti-
mate in applications where the goal is to abstract from known patterns iii average 
returns to uncover information-specific or manager-specific effects. But since the 
momentum effect is short-lived, it is largely irrelevant for estimates of the cost of 
eqiii ty capital. 

Another strand of research points to problems in both the three-factor model 
and the CAPM. Frankel ancl Lee (1998), Dechow, Hiitton and Sloan (1999), 
Piotroski (2000) and others show that iii portfolios formed on price ratios like 
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book-to-market equity, stocks with higher expected cash flows have higher average 
returns that are not capmred by the three-factor model or the CAPM. The authors 
interpret their results as evidence that stock prices are irrational, iii the sense that 
they (lo not reflect available information about expected profitability. 

Iii truth, however, one can't tell whether the problem is bad pricing or a bad 
asset pricing model. A stock's price can always be expressed as the present value of 
expected future cash flows discounted at the expected return on the stock (Calnp-
bell and Shiller, 1989; Vuolteenaho, 2002). It follows that if two stocks have the 
same price, the one with higher expected cash flows must have a higher expected 
return. This holds true whether pricing is rational or irrational. Thus, when one 
observes a positive relation between expected cash flows and expected returns that 
is Ieft unexplained by the CAPM or the three-factor model, one can't tell whether 
it is the result of irrational pricing or a misspecified asset pricing model. 

The Market Proxy Problem 

Roll (1977) argues that the CAPM has never been tested and probably never 
will be. The problem is that the market portfolio at the heart of the model is 
theoretically and empirically ehisive. It is not theoretically clear which assets (for 
example, human capital) can legitimately be excliided from the market portfolio, 
and data availability substantially limits the assets that are included. As a result, tests 
of the CAPM are forced to ilse proxies for the market portfolio, iii effect lesting 
whether the proxies are 011 the minimum variance frontier. Roll argues that 
because the tests zise proxies, not the true market portfolio, we learn nothing about 
i he CAPM. 

We are inore pragmatic. The relation between expected return and market 
beta oftlie CAPM isjlist the miniinum variance condition that holds in any efficient 
portfolio, applied to the market portfolio. Thiis, if we can find a market proxy that 
is on the mininmm variance frontier, it can be used to describe differences in 
expected returns, and we would be happy to use it for this purpose. The strong 
rejections of ihe CAPM described above, however, say that researchers have not 
uncovered a reasonable market proxy that is close to the iniliimiim variance 
frontier. If researchers are constrained to reasonable proxies, we doubt they 
ever will. 

Our pessiinism is fueled by several einpirical results. Stambazigh (1982) tests 
the CAPM rising a range of market portfolios that inchide, iii addition lo U.S. 
conimon stocks, corporate and government bonds, preferred stocks, real estate and 
other cotisiimer diirables. He finds that tests of the CAPM are not sensitive to 
expanding the market proxy beyond common stocks, basically because the volatility 
of expanded market retzirns is dominated by the volatility of stock returns. 

One need not be convinced by Stambaugh's (1982) resiilts since his market 
proxies are limited to U.S. assets. If international capital markets are open and asset 
prices coiiforni to an iliternational versioii of the CAPM, the market portfolio 
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should inchide international assets. Fama and French (1998) find, however, that 
betas for a global stock market portfolio cannot explain the high average retllrns 
observed aroimd the world Oil stocks with high book-to-inarket or high earnings-
price ratios. 

A major problem for the CAPM is that portfolios formed by sorting stocks on 
price ratios produce a wide range of average returns, but the average returns are 
not positively related t0 market betas (Lakonishok, Shleifer and Vishny, 1994; Fama 
and French, 1996, 1998). The problem is illustrated iii Figure 3, which shows 
average returns and betas (calculated with respect to the CRSP vallie-weight port-
folio of NYSE, AMEX aiid NASDAQstocks) forjuly 1963 to December 2003 for ten 
portfolios of U.S. stocks formed animally on sorted values of the book-to-market 
equity ratio (B/M).6 

Average returns on the B/M portfolios increase almost monotonically, from 
10.1 percent per year for the lowest B/M group (portfolio 1) to an impressive 
16.7 percent for the highest (portfolio 10). But the positive relation between beta 
and average retizrn predicted by the CAPM is notably absent. For example, the 
portfolio with the lowest book-to-market ratio has the highest beta bill the lowest 
average return. The estimated beta for the portfolio with the highest book-to-
market ratio and the highest average return is only 0.98. With an average an 11 t i al-
ized value of the riskfree interest rate, 6, of 5.8 percent and an average ammalized 
market premium, 14 - Rp of 11.3 percent, the Sharpe-Lintner CAPM predicts an 
average return of 11.8 percent for the lowest B/M portfolio and 11.2 percent for 
the highest, far from the observed vahies, 10.1 and 16.7 percent. For the Sharpe-
Lintner model to "work" on these portfolios, their market betas nllist change 
dramatically, from 1.09 to 0.78 for the lowest B/M portfolio and from 0.98 to 1.98 
for the highest. We judge it iuilikely that alternative proxies for the market 
portfolio will produce betas and a market premium that can explain the average 
returns on these portfolios. 

It is always possible that researchers will redeem the CAPM by finding a 
reasonable proxy for the market portfolio tliat is on the minimum variance frontier. 
We emphasize, however, that this possibility cannot be used to justify the way the 
CAPM is czirreiltly applied. The problem is that applications typically use the same 

~Stock return data ate from CRSP, and book eqwty data ate from Coinpustat and tile Moody's 
Industrials, Transportation, Utilities ancl Fmancials manuals. Stocks are allocated to ten portfolios at the 
encl of june of each year t (1963 to 2003) using the ratio of book equity for the fiscal year ending in 
calendaryear t - 1, divided by matketeqitity attheend of Decembei of/ - 1 Bookeqtlityisthe book 
value of stockholders' equity, plus balance sheet deferred taxes and investment tax credit (ifavailable), 
minus the book value of pi efei-red stock. Depending on availability, we use the redemption, liquidation 
or par value (in that order) to estimate the book value of preferred stock Stocklioldeis' equity is the 
value reported by Moody's or Compustat, i fit iS available. Ifnot, we measure stockholdels' equity as the 
book value of common equity plus the par vahie of piefen·ed stock ot the book value of assets ininus 
total liabilities (in that order). The portfolios for year t include NYSE (1963-2003), AMEX (1963-2003) 
and NASDAQ (1972-2003) stocks with positive book equity in /-1 and market equity (from CRSP) for 
December of t - 1 and june of / The portfolios exclude securities CRSP (loes not classify as oidinai-y 
comlnon equity. The breakpoints foi· year t use only securitles that are on the NYSE in June of year t. 
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Figure 3 
Average Annualized Monthly Return versus Beta for Value Weight Portfolios 
Formed on B/M, 1963-2003 
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market proxies, like the value-weight portfolio of U.S. stocks, that lead to rejections 
of the niodel iii empirical tests. The contradictions of the CAPM observed when 
such proxies are used iii tests of the model show zip as bad estimates of expected 
returns in applications; for exainple, estimates of the cost of equity capital that are 
too low (relative to historical average remrns) for small stocks and for stocks with 
high book-to-market equity ratios. In short, if a market proxy does not work in tests 
of the CAPM, it does not work iii applications. 

Conclusions 

The version of the CAPM developed by Sharpe (1964) aiid Lintner (1965) has 
never been an empirical siiccess. Iii the early empirical work, the Black (1972) 
version of the model, which can accommodate a flatter tradeoff of average return 
for market beta, has some success. But in the late 1970s, research begins to uncover 
variables like size, variozis price ratios and momentum that add to the explanation 
of average returns provided by beta. The problems are serioiis enough to invalidate 
most applications of the CAPM. 

For example, finance textbooks often recommend tlsing the Sharpe-Lintner 
CAPM risk-return relation to est.imate the cost of equity capital. The prescriptioii is 
to estimate a stock's market beta and combine it with the risk-free interest rate and 
the average market risk premium to produce an estimate of the cost of equity. The 
typical market portfolio in these exercises includes just U.S. common stocks. But 
ernpirical work, old and new, tells us that the relat.ion between beta and average 
return is flatter than predicted by the Sharpe-Lintner version of the CAPM. As a 
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result, CAPM estimates of the cost of equity for high beta stocks are too high 
(relative to historical average returns) and estimates for low beta stocks are too low 
(Friend and Blume, 1970). Similarly, if the high average returns on value stocks 
(with high book-to-market ratios) imply high expected remrns, CAPM cost of 
equity estimates for such stocks are too low.7 

The CAPM is also often zised lo Izleasllre the performance of mlltllal funds and 
other managed portfolios. The approach, dating to jensen (1968), is to estimate 
the CAPM time-series regression for a portfolio aiid use the intercept (~ensen's 
alpha) to measiire abnonnal performance. lhe problem is that, because of the 
empirical failings of the CAPM, even passively nianaged stock portfolios produce 
abnormal returns if their investment strategies involve tilts toward CAPM problems 
(Elton, Grnber, Das and Hlavka, 1993). For example, funds that concentrate on low 
beta stocks, small stocks or value stocks will tend to produce positive abiiormal 
retiirlis relative to the predictions of the Sharpe-Lintner CAPM, even when the 
fund managers have no special talent for picking winners. 

The CAPM, like Markowitz's (1952,1959) portfolio model on which it is bi iilt, 
is nevertheless a theoretical tour de force. We continue to teach the CAPM as an 
introdizction to the fundamental concepts of portfolio theory and asset pricing, to 
be built on by Inore complicated models like Merton's (1973) ICAPM. But we also 
warn smdents that despite its seductive simplicity, the CAPM's empirical problems 
probably invalidate its use iii applications. 

. We gratefutly admowledge the comments ofJohn Coclirane, George Constantinides, Richard 
Leftwich, Andrei Shleifer, Reni Stulz and Timothy Ta*T. 

7 The problems are compouti€led by the large standard ei iois ofestimates of the market premium and 
of betas for individual stocks, which piobably suffice to Inake CAPM estimates of the cost of equity rather 
meaningless, even if the CAPM holds (Fama and French, 1997; Pastoi and Stambaugh, 1999). For 
exainple, using the U.S. Tieasiiry bill tate as the lisk-fiee interest rate and the CRSP value-weight 
poi-tfohoof publiclytraded US. common stocks, theaveiagevahicof the equity pietnium R,w/ - R/, for 
1927-2003 is 8.3 percent per yeal, with a standaid error of 2.4 percent. The two standai-d erloi i·ange 
thus runs from 3.5 percent to 13.1 percent, which is sufficient to make most piojects appear either 
profitable or unprofitablc. This pioblem is, however, hardly special to the CAPM Foi example, expected 
returns in all versions of Mei·ton's (1973) ICAPM inchide a market beta and the expected market 
ptemium. Also, as noted earlier the expected values of the size and book-to-market plemlluns in the 
Faina-French thiee-factor model ate also estimated with substantial error. 
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